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POPULAE SCIENCE REVIEW. 



NOTES ON THE AllGENTIXE REPrULIC. 
By CHAKLES OXLASB. 

[Plaib L] 



THE immense territory possessed by the Argeiitinc Repiiblii 
about 1,152,000 square luiles, with a populutioa uf otH, 
1,200,000 inhabitants, forcibly recalls a remarkable feature i 
uucient Spanish colonization. The Spaniards in their uxpeditioi 
were uauillly not contented with safely estublisUing ono point 
only on the sea-coast, bnt they pressed forwiu'd to tlie interior, 
making new conquests, and often leai"ing behind tlu'iii small 
garrisons which the Indians required but littlo provocation to 
attack. This system frequently led to serious disasters, as is 
instanced by their chief seaport eettleraent of Buenos Ayre>. 
which, on account of persistent Indian attacks, was twice abnu- 
doned, previous to ita final settlement in 1580. The courage 
of the Spanish settlers was sorely tried, and the history of the 
country shows that the wide extent ov^er which the Indians have 
ranged, from the 'Gran Chaco,' or Indian territory of the 
north, to Patagonia in the south, has been one of the principal 
causes of the alow development of the interior proiTnces along 
the eastern slope of the Andes. 

Between Buenos Ayres and Bosario a short distance is now 
travelled by raU, whence steamers take passengers up the 
Piu-ana. The variety of scenery and the riehuess of vegetation 
on this river make this journey a great treat to the lover of 
nature : the beautiful bits of tree, shrub, and bank, that open 
up full of colour and graceful form at eaeh successive bend are 
almost bewildering, and make one long tti have time to absorb 
the whole scene. In many places the banks of the river are 
flanketl by higher gromid, which shows signs of having, at 
some time, boiinded a stream compai'ed to which the present 
one would be a pigmy in size. The Parana, as it now is, 
allows steamers of 1500 to 2000 tons to go up to Roeario, a 
distance of nearly two hundred miles ; and navigation for small 
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craft is possible to a distance of one thousand miles from its 
mouth. 

Rosario, the terminus of the railroad, built immediately on 
the banks of the river, is only second in importance to Buenos 
Ayres as a centre for the receipt of the produce of the country 
intended for export, as also for the distribution of imports. 
From here the railroad strikes out across the flat country of the 
Pampas to Villa Maria, from which place one branch runs 
northwards to Cordova, 245 miles from Rosario, and to 
Tucuman, 340 miles from that city, and the other towards the 
south-west as far as Villa de Mercedes, about 190 miles, from 
which point it is proposed soon to extend it to Mendoza, San 
Juan, and over the Andes to Chili. 

In the run to Villa de Mercedes as well as to Cordova, the 
rail passes over Pampas largely utilized for grazing cattle; 
the soil is alluvial, and gravelly in patches, but mainly the 
former, the alluvium being from two to eight feet in depth, 
under which lie beds of detritus of great thickness, often more 
than eighty feet. 

Farms are spread out across the country, mainly employed 
in raising homed cattle, horses and sheep, of which late esti- 
mates give about seventeen to eighteen millions of horned 
cattle, and ninety to ninety-five millions of sheep; the land 
offers good opportimities in this direction for enterprising and 
determined men, but great energy is required to manage well 
during seasons of drought. 

The settlers along the line of rail, among whom are included 
English, Scotch, Irish, French, Germans, and Italians, look 
healthy, and as though they enjoyed a good climate. 

The ride by rail is not particularly interesting, excepting 
in the opportunity it affords of seeing a great variety of human 
nature, and of accumulating a weariness of the flatness of the 
country, which makes one long for a sight of the Sierras, or of 
the Cordillera, One thing is very striking, namely, that as you 
pass up the line of rail towards Villa de Mercedes, the number of 
foreigners becomes gradually less, imtil at the above terminus 
they are almost wholly left behind. This may be accoimted for 
from the greater risks incurred in farming in these parts from 
occasional raids by bands of Indians ; the line of military out- 
posts extended across the country to San Rafael, in the province 
of Mendoza, being here closer to the road. 

At Villa de Mercedes, the present terminus of the rail- 
road, the scene changes to one of greater interest, with more 
numerous chances of adventure. From here coaches ply twice 
a-week to the mountain provinces. The paper-money of the 
provinces, off the lines of railroad, is represented by the 
Bolivian silver half and quarter dollar pieces. This is the 
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te also with the 'Fuerte,'or enforced nalional puper, wliich iff ^^^^ 
t current away from the provincial centres and larger towns. ^^^H 

Villa de Mercedes is a Httle to the west and south of the 
Sierra de Cordova, a range chiefly made up of granitic rock>i. 
Travellera here take a conveyance less comfortahle than a Cali- 
foraian stage-coach, and more like a light but strong omnibus. 
The small quantity of luggage allowed free of charge — twenty- 
five pounds — is packed on the top. Two shaft mules with 
driver, two other pairs with a gaucho postilion for each, with 
conductor, seven people inside and three behind the driver, on 
a sort of box-seat, make the complement. The scenes that 
occur at a start are often very amusing ; the disputes over 
seats, the anxiety of passengers about their packages iind 
edibles for the road, but more often the capers of half-wild 
mules when being harnessed. The writer saw one of these 
animals throw itself completely backwards three times, making; 
it necessary on each occasion to re-hamess it, and after the 
third attempt another was put in its place. 

AU being ready, the driver, a wiry half-breed, gathers up 
his reins and cracks his whip, the gauchos tighten the traces, ply 
their spurs, and away goes the coach at n wild pace, swaying 
and creaking down the sandy road to the open country, with 
the conductor executing flourishes on his bugle. The dust 
and heat detract but little ftom the freshness of such a scene 
to an European, especially as the road passes towai-ds rising 
ground. 

After a distance of t«ii or twelve mdes, the bugle sounds 
long and clearly as we cross some roiling country with occa- 
sional trees and shniba. Suddenly, two men on horseback are 
seen driving horses for the coach into a roughly-constructed 
corral, or enclosure, about seventy or eighty feet square, made 
of brushwood, cut from the country around, and piled some six 
feet in height. Here again is a lively scene in changing mules 
for haU-wQd horses, the passengers the while stretching their 
legs and smoking. The cigarette forms a wonderful solace to 
the South American traveller; it whiles away delays, makes 
a bond of sympathy between people from widely -separated 
parts of country that, may be feRow-passengers, and brings out 
many a tale of travel and adventure. 

The first stopping-place at night is at a curiously wild spot 
on the borders of the Indian country, a house of one storey, 
with thick mud or adobe walls, forming one end and part of 
one side of an enclosure, about a hundi'ed feet by fifty ; at the 
other end of which is a pair of large wooden doors ; these 
are closed at night, and form a protection for coach and . 
passengers. 1 

Atter an evening meal of soup, followed by an 'asaadu,' or joint j 
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of meat, cooked [over hot embers, a dish often very savoury, 
with eggs, wine of Mendoza, bread and coffee, all join around 
the fire for a chat and smoke before going to sleep, which is 
truly enjoyed on camp beds under a verandah. A large fire 
burns all night in the middle of the enclosure, exaggerating, by 
its light, the forms of the gauchos in their coloured ponchos 
before it, or of the coach and sleepers around ; making a 
strangely picturesque scene. 

At daybreak the bugle of the conductor stirs the travellers 
out of a heavy sleep, to wonder where they are; and after much 
merriment, and some grumbling at the early start, all rise for 
coffee, and to make arrangements for breakfast on the road, 
which quickly passes the time. Away again for the open 
coimtry, just as the sun is rising, and throwing his first straight 
rays and long shadows across the wild scene. The road now 
goes across a country that bears many traces of water action ; 
now over pebbles, then over sand, until some high ground is 
reached, where the Sierra de San Luis first comes into view. 
Here the wild verbena is found in its home, and truly beautiful 
the patches of colour look after the dulness of the scenery 
left behind. The variety of the shrubs, and their richness of 
growth, make a fitting foreground to the scene beyond ; hills 
in long undulations stretching as far as the eye can follow 
towards the west, with the Sierra de San Luis a little to the 
north and on the right. 

This Sierra is a continuation of the line formed by the 
Sierras de UUapez and de Los Llanos, stretching away north 
into the province of La Rioja, made up of schistose metamor- 
phic rocks, granite, and sandstone, carrying large veins of 
quartz, and rich in metals — copper, lead, gold, silver, and 
nickel. The little town of San Luis, 3700 inhabitants, stands 
2500 feet above the sea, and is at the foot of a picturesque 
peak rising 2000 feet above it, from the top of which, in clear 
weather, Aconcagua, 23,000 feet in height, can be seen 
nearly 200 miles to the west. The people of this province 
have suffered much from Indian raids and civil war ; but 
among them may be seen many good faces, and they exhibit a 
dignity of manner that makes a pleasing contrast when com- 
pared with the inhabitants of some other parts of the country. 
Grapes are abundant, and oranges, peaches, and figs, plentiful 
in season. The climate of the Sierra is said to be good for con- 
sumptive patients ; that of La Carolina, a town further north, 
and at an elevation of 4900 feet above the sea, being peculiarly 
suitable; the temperature here is from 60** to 70** Fahrenheit; 
the air is dry and bracing, the scenery fine, and good food is 
procured from the valleys below. . 

On the road from the Sierra de San Luis to the steppes p" 
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^■the Andes, but little can be seen of the underlying strata, fiinn 
^P^eir being covered with sand, gravel, and alluvium. On the 
^liigher ground, much gneiss and mica flchist is found, especiully 
in the Sierra de Laa Palomas. The banks of the Rio Desa- 
guadero form an interesting feature; they are composed of 
micaceous and quartzose sandstones, in some parts with ihe 
^Pfiliaract«ristics of mica schist, and in others crumbling away, 
^^brobably from weathering, and the action of salts brought down 
^V^ the waters of the river in its course from the snows of the 
^^/Lndes, across the Lagunas ; the banks are from forty to 
fifty feet in height, and are composed of the micaceous and 
quartzose matter, which gives to the water its greyisli buff 
colour. From this point to Mendoza, the n»ad passes lurge 
"'arms, or edmicing, mainly devoted to fattening cattle intendt-d 
B be sent to Chili, At Rodeo, near to Mendoza, a lively scene 
bay be sometimes witnessed during the shoeing of cattle previous 
to their journey over the Andes. A shed, set on strong posU 
against un adobe wall, divides two large yards ; looking over 
tiie wall near the centre, a good view of the proceedings may 
be obtained. In a yard about one hundred feet long by fifty 
ride, with no fittings other than the four walls, a tall brawny 
raucho in his many-coloured costume, stands close to a door 
winging a lasso over his head; his action is slow und deliberate. 
Opposite this door, about twenty half-wild cattle are running 
backwards and forwards the long way of the yard, when sud- 
denly the lasso falls gracefully over the homa of a tine animal ; 
^it stops at once ; a wild jump and a bellow are the prelude to 
^Ll rush at the man in front of the doorway, who stands stock 
^Wtill until the animal is within a tew yards of him, then with 
^Rbe agility of a kitten he jumps aside. The animal is unable 
io follow, as whilst he has been coming towards the gaucho, 
others have quickly shortened up the lasso around a post, 
which now brings up the furious beast within a few feet of the 

■entrance of the door. Here, catching sight of the men in the 
■hoeing shed through the doorway, he makes a second rush, 
gnd is again brought up, powerless, with his head close to a 
post. His legs are now fastened together by soft hide straps, 
and with a dexterous throw he is turned over on a bed of straw, 
and his legs fustened to four upright posts, his bead being 
carefully kept close to a central post whilst he is being quickly 
ibod. We observe that the door by which the animal entered has 
I closed, and thut on the opposite aide of the yard, at the 
wt of the slope, a pond of water, eight or ten feet deep, and 
.wentv feet wide, runs the whole length of a piece of wall, six 
ieet high, and close to the nearest edge. The man who lassoed 
the animal now stands leaning against the wall ; the shooing 
being finished all get out of the way, excepting this r 
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the water. The lasso Is shaken from the animars horns by a 
man perched over him in the roof of the shed, which sets him 
free, more furious than before. Looking round, he sees his 
old enemy, and at once rushes at him, head down. The gaucho 
quietly waits until the animal is close to himself and to the 
water, and. then steps behind the wall. The impetus acquired 
by running down the slope prevents the ox from stopping, 
and he therefore goes head-foremost into the water, to splash 
out on the other side, with blood and temper fitly cooled before 
going to pasture. The animal is prevented from coming out 
on the same side as the man by a perpendicular bank, while 
the opposite one is a slope. 

On approaching Mendoza distant views of the Andes are 
seen, and the road is for miles shaded by poplars and willows, 
growing close to the banks of streams employed for irrigating 
the farms and pastures. 

The waters from the melted snows of the Andes in the Eio 

de Mendoza, and one of its branches, the Tutimiaya, are led 

considerable distances for irrigation, through channels mostly 

. by the sides of the road, and from these are tapped into the 

pastures, vineyards, and fields of lucerne, the last of which are 

7 protected by adobe walls of four or five feet in height. 

The town of Mendoza is beautifully situated, and most 
> picturesque ; the views of the Andes to be obtained from several 
parts of it through streets with trees on either side being very 
fine, especially when the atmosphere is somewhat clouded, while 
the ruins of the old town on the same site, 12,000 out of 1 5,000 
inhabitants of whom perished by the earthquake of 1861, 
renders more impressive the character of the distant peaks. 

The waters of the baths gathered from hot springs in this 
neighbourhood are strongly impregnated with sulphuretted 
hydrogen and carbonic acid, so strongly as to make their pre- 
sence recognizable at a distance of a hundred yards. 

The generally flat piece of country between Mendoza and San 
Juan, a distance of eighty-five miles, is interesting in itswildness. 
The ground shows evidence of the action of water resulting 
from the storms that sweep over this district, bringing down 
detritus from the limestone and sandstone hills to the west. 

The fine sands deposited in these stream-beds harden and 
crack into pieces that remain firmly attached to the bottom. 
This may account for the filling up and diversion of the streams, 
which has occurred so often, as to have cut up the country 
in all directions. In passing almost due north from Mendoza 
to San Juan, the rainfall diminishes, and becomes more 
uncertain. This may be accounted for, to some extent, by 
the bend westward taken by the main chain of the Andes. 
The great Plateau, the western slope, and the Primera 
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(deoa, or first chain, with the valleys formed bvthe Cordon di^^^^l 
mtal, Sierra de Zoada, and other smaller parallel ranges, recei^^^^^| 
are rain or snow than tho lower country to the oast. Th^^^^H 
is accounted for by the partiality of summer thunder- stono^^^^H 
for the higher ridges and more contracted valleys. One t^^^^H 
the most noticeable features of the high ground of the prr^^^^l 
vince of San Juan is the clearness of the geological sections, 
eaggesting sudden and severe storms, carrying detritus to great 
distances ; this is further confirmed by the hardy character of 
the vegetation. 

The province of Soji Juan is situated almost wholly within 
the outljang spurs of the Andes, and is geologically and 
socially interesting. The province contains about 60,000 peojslo, 
a hardy mountain race, who live mainly by farming, wine- 
growing, and mining. The town of San Juan, the capital, is 
built on the site of the old river of that name, and has been 
often flooded by its waters during tho melting of the snows. 
The houses are built of adobe ; but some of the public buildings, 
commercial houses, and private dwellings, aro of burnt i-ed 
brick. Two distinct methods of making these adobe houses 
are employed. In the first gravel, alluvium, and sand de- 
posited by the river are mixed with water, hammered into ii 
strong wooden framework, held by twisted ropes, about four 
to six feet long, two to three feet wide, and thi-ee feet deep. As 
soon as one block is finished, the framework is moved on far enough 
to join the block just completed, one end of the finisbed block 
forming one end of the box or frame within which the material is 
pressed. When one tier has been thus completed the frame- 
work is raised, the previous tier forming the bottom ; a little* 1 
moistening of the lower tier secures adherence of the one to the ' 
other. On these rough walls two kinds of plaster are laid, one 
of alluvium and dry mule dung or cut straw, tho other of lime 
plaster or stucco, and on the plaster is laid lime-wash, some- 
times coloured blue and buff, with other ornament, according to 
the means of the occupant. The tops of the houses have a thick 
layer of alluvium and mule-dung laid on thein, and are slightly 
inclined to carry off rain. And it is surprising how well they 
keep out the wet. The thjck walls further act as a protection 
against the heat of summer. In the other form of adobe wall, 
the mixture of gravel and alluvium is made into blocks about 
eighteen inches long, twelve inches wide, and from six to nine 
inches thick; those are built up after drying with some of the same 
mud as mortar. These houses, by the assistance of stucco and 
the washes of Italian masons, are made much raoro pleasing in 
appearance than the roughness of the principal materiali j 
would suggest. The domes and towers of churches are coveref^ 
with blue and white tiles, or are elaborately plastered. 
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The people here have more of the energy and physique of a 
mountain race ; the dryer climate developing more nervous 
energy. They have had for seven years a system of compul- 
sory education in operation, and now spend between 11,000/. 
and 12,000/. a-year on primary schools; and in the capital they 
have a national college with eight or nine professors, in which 
a good course is given in Mathematics, Agriculture, Mining, 
Metallurgy, Chemistry, Law, and Literature. They have at 
present one pupil for every seven inhabitants. 

The Peon, or labouring class, receive from 23s. to 33s. per 
month, with their food, consisting of flour, beef, raisins, and 
maize, or Indian corn; the quantities varying according to 
the liberality of the employer. The meat is usually made into 
a soup with maize, onions, and any other vegetables they can 
obtain ; and thQ raisins are sometimes used in cakes, or eaten 
alone. Their main drink is the well-known Mat^ or Paraguay 
tea, the dry leaf of a species of holly, the Ilex paraguayensis, 
grown principally in the Republic of that name, and in Brazil. 
This leaf, generally in a powdered state, is put into a gourd 
3 or 4 inches in diameter, from which the inside has been 
carefully removed, a small quantity of sugar added, hot water 
poured on the top of the two, and the infusion is then sucked 
up through a silver or electro-plated tube. This makes a re- 
freshing drink, and has great staying properties without pro- 
ducing the ni effects often ascribed to tea. Wine, though cheap 
and good, is rarely to be procured by them, and the more ex- 
pensive aguardiente^ or brandy distilled from the wine of the 
coimtry, still more rarely. They are a temperate and industrious 
class, and when living near the towns often add to their com- 
forts by growiQg vegetables, cultivating a few vines, and 
drying the grapes on the tops of their houses. This last makes 
an important item in the business with other provinces, and 
with Chili, the raisins being remarkably good. 

The wines of San Juan are much like those of Spain, and 
are free from the overloading of spirit so common in wines sold 
in this country. 

In the pastures of lucerne irrigated by channels taken from 
the river, large quantities of cattle are fattened ; these are 
bought by the farmers in the adjoining provinces, or raised on 
the spot, and during the summer and autumn months — there 
from November to April — are sent to Chili across the Andes, 
and to Bolivia, 700 or 800 miles to the north. Their fat con- 
dition and slow travelling enable these animals to stand the 
wear of such a journey. Men receiving from 3/. to 4/. 
only per month, are sent ofF in charge of ' tropas,' or herds, 
of cattle with other men under them at less wages. These sell 
the cattle, receive the money, and return with it to their 
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Kployera, thus shoiring their trustworthineea when placed ta.l 
dtions of reaponsibilitj, " 

In the future there can be no doubt the province of San 
Juuu will be an important contributor of metals; the prinfijial 
known mining centres are Tontal, Qualilan, Hilario, La Ihierta, 
Castania, Guachi, Chilu, and Salado. 

tGualilan, one of these, is situate in u district full of peo- 
ical interest. The road to it strikes a little to the noi th-wcat 
the town of San Juan, across the river of that name. This 
ar, made up of the Rio de los Patos and the Itio del 
Castania, the latter coming through a district in which gneiss, 
schists, granite, and sandstone abound, furnishes the greater part 
of the micaceous matt.er so abundant in the waters of the San 
Juan. On the northern side of the river, here running nearly 
due east, is a range of hills, the Sierra de ViUagun, composed 
of limestones and sandstones, with a direction nearly due north 
and south, and a dip of from 40° to 45° west. 

On the eastern side of this range ironstones and bituminous 
shales are found, and of a northern continuation we shall have 
occasion to speak subsequently. Imperfect specimens of 
Ammonal's eomtnunh and A. }hivklandi have been found here, 
and there can be little doubt that we have hero the Liassio 
group of the Jurassic syatem. 

This range of hills, 2500 feet above the river, or 4500 
feet above the sea, increases in height, like the limestone 
ranges west of it, towards the north, and reaches a height 
^^ 18,000 feet. 

^HL Going again to the north-west, the road crosses a desert 
^^BiDut twenty-five or thirty miles to Talacastro, where it goes 
^^Erough a pass in the Sierra de JachaL Here we meet with a 
^Timestone somewhat darker in colour, the formation much tha 
same generally, 'but the layers of limestone thinner, and dip- 
ping west at an angle of G5° in the highest hills, about 1500 
i above the road. The contortions of the strata at the 
mnce of the pass are very remarkable, but further up the 
Ratification becomes regular and distinct, until we reach 
irregular shaly and sandstone beds, in the former of 
' . are found ' gossans ' and quartz containing gold and 
J to the amount of IJ oz. of the former to 2 or A oz. of 
B latter. 

e summit of this pass in the 'Camina de Borros,' 

J road), the direction of the range of hills in which the 

mining region lies, can be traced away north into the 

) Jachal, which rises from a height of 7000 to 16,000 

t above the sea, in a distance of about forty miles. The view 

1 the highest point of this road is extremely beautiful ; a 

; ivith a scrub growth around it, and one or twu 
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patches of green where springs and water drainage have made 
irrigation possible; on its eastern side is the range just 
described, and on the western side the high ground, 10,000 
to 12,000 feet, of the commencement of the Cordon de Tontal. 
The hills of Gualilan form a loop bending out of and again 
joining the Cordon de Tontal with an intervening space of 
thirty-five or forty miles. 

These limestone hills stand some 300 to 600 feet above the 
level of the detritus, and have an average bearing of nearly 
north and south; the stratification is distinct and regular, 
dipping towards the west at an angle of 46**; the upper edges 
stand out sharply against the sky. Against this limestone 
on the western side, and rising only some sixty or seventy feet 
above the camp, is clay-slate much split up and weathered. 
Both this last and the limestone are in many places cut through 
at right angles by an intrusive, highly siliceous granite ; this 
granite is found up to a height of 300 or 400 feet in the lime- 
stone. 

The beds of limestone vary in thickness from six inches to 
four feet, but may average about three feet ; the strata are 
divided in most instances by very thin layers of crystalline 
carbonate of lime, and at times by sulphate of lime and by a 
fine powder of amorphous silica. Throughout this limestone 
are found cavities, called by the natives cartas (pipes), or ' pipe- 
veins,' which pass through and between the strata, as shown in 
the section, fig. 1, Plate I. The direction varies little from that 
of the enclosing limestone, but the dip is far from constant. In 
many places these ' pipes ' open into large cavities, one of 
which was found to be fifty feet long, and fifteen feet wide at 
its base, rising between the layers of limestone to a height of 
120 feet, with a varying width ; many of the layers have several 
pipe-veins opening into them. The large cavities contain 
decomposed iron pyrites, and quartz carrying gold and silver in 
about the proportion of one to one and a half ounce of the 
former to two ounces of the latter, and on the floors or bottoms 
iron pyrites, zinc-blende, and occasionally galena; the pipe- 
veins also contain hydrated ferric oxide or gossan, but in less 
proportion, often as much as half the diameter, varying from 
two to fifteen feet, being filled with a compact iron pyrites with 
quartz running through it. The proportion of gold and silver 
in the gossan and pyrites of the pipe- veins is about the same 
as in the deposits in the larger cavities. 

The quantity of zinc-blende increases as the deposits are 
explored in depth, say to fifty-four or fifty-six fathoms; galena 
occurs in small quantities only, and in most instances near 
the granite, with which it is often mixed ; in such cases the 
granite becomes friable and is easily broken, the thin cracks in 
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its mass being filled hj sulphate of lime, quartz, oiiil Lydraled 
oxide of iron. 

The crystalline sulphate of lime, native sulpliur, and amor- ] 
phous silica, which are found in so manv places, sug^st that 
highly heated vapours have played an importiint jiart in thG 
history of these deposits. 

How the cavities were first formed is not apparent, hut the 
suggestion of some geologists that acidulated wafer may have 
eaused them, receives some colour from the mode of occurrence 
of granite in varj-ing places. In tig, 2, Plate I., the section 
of a pipe-vein is shown with the granite forming the lower 
wa!L The surface of the granite, from which the pyrites and 
oxide of iron can, in many places, be easily separated, looks 
jounded and slightly decomposed, but the pyrites is compact 
and firm. i 

The granite in several places cuts the limestone nearly at 
right angles, and where this has been the case, large deposits 
of pyrites and gossan occur. The active agent in the decom- 
position of pyrites has been moisture, and this action is still 



going on, I 



vitnessed in pyrites found exposed in the workings. 



Home of this, where moisture percolating from above has , 
reached it, has crumbled and become oxidized, the action ] 
spreading from snail nuclei to the mass ai-ound. 

The Spaniards and their descendants, in working these pipe- 
veina, both atGualilan and at Guachi, twenty miles further north, 
in a continuation of the sasae formation, only removed the 
gossans, which would constitute from one-haLf to two-thirds of 
the mass, and left the solid pyrites for future workers, who 
efaould have the meaus of separating the sulphur. They ex- 
tracted the gold and silver from tnese gossans by crushing 
the ore between stones, many of which are still found in the 
districts. These were of the form shown in tig. 3, Plate I. 
The ore selected by them, a quartzoae gossan, was broken down 
to the size of Barcelona nuts, and placed with a little water on the 
lower block, a piece of limestone about three feet long and two 
feet wide, with the centre cut out, ao as to leave sides to guide 
the upper block, or granite muUer. Then two men moved 
the upper block slowly backwards and forwards over the lower 
one, until the ore became reduced to a powder as fine as flour ; 
a small quantity of mercury was then added, and the grinfling 
again continued until the mercury was supposed to have amal- 
gamated with all the metats. The ground ore and mercury j 
n-ere then removed to shallow wooden pans, and washed by a1 
free use of water ; the mercury was again used in this way 
until it became saturated with amalgam, when the excess of 
mercuiy was removed by wringing in a soft piece of sldn. 
"^EL balls of amalgam thus obtained were covered with clay, and 
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placed in hot embers. This treatment drove ofE the mercury, 
and left a small, spongy ball of gold inside the clay coating. 
This process only extracted a portion of the free gold, as 
assays of their ' taiKngs ' show 30 per cent only of the gold to 
have been extracted. 

North-east of Gualilan, and on the eastern side of the Sierra 
de Villagun, at the junction of the beds of the Rio Flanche 
and Rio Chilca, which carry water during the rainy season only, 
is situated a remarkable bit of country. The same limestone 
as that found in the Sierra Villagim is crossed by the road, 
which then passes over barren hills of shale and sandstone to 
the edge of the Valley Fertil. In these hills, parallel to 
another limestone range in the distance, considerable deposits 
of bituminous shale are found. These shales vary in thick- 
ness, from six inches to eight feet, and are imbedded in 
yellowish grey shale. One deposit, eight feet thick, has been 
opened by natives in the hope of finding coal, and samples from 
the depth of 90 feet gave volatile matter and fixed carbon 9*6 
per cent, ash, 8690 per cent. Colour black, lustre bright, and 
on exposure to the atmosphere the lumps break up into thin, 
shaly leaflets ; the ash of this shale contained gold and silver 
in all the samples examined, the highest quantity being 1^ 
ounce of gold, and 1^ ounce of silver per ton. The seams can 
be traced along the sides of the regularly stratified hills for a 
considerable distance (say two miles). Close to these seams are 
found deposits of ironstone, containing 45 per cent of that 
metal, and very nearly the same proportion of gold and silver 
as in the ash of the shale. This is a remarkable fact, and 
becomes still more so, when we find that the gossan from the 
decomposition of the pyrites in the limestone hills to the west 
contains the precious metals in almost the same proportion. 

There is a deposit of coal at Hilario, in this province, a 
sample of which gave 11 J per cent of ash. It is found in the 
sandstone and shaly beds there existing, and is of such a cha- 
racter as to lead to a well-founded hope of the people that they 
may have a coal of Oolitic age to assist in biiilding up their 
mining and other industries, and in reducing the expenditure of 
their scanty store of timber. 



EXPLANATION OF PLATE I. 

Fig. 1. Diagrammatic section of rocks in the Gualilan district. 
Fig. 2. Section of pipe-vein, with granite forming foot-wall. 
Fig. 3. Primitive native mill for grinding gold ores. 
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METEORS AND METEOR SYSTEMS. 

By W. F. denning, F.R.A.S., F.M.S. 



NO department of scientific research has made more rapid 
progress of late than that relating to the phenomena of 
meteors. Twenty years ago om* knowledge of these bodies was 
of the most crude, rudimentary character. Few observers had 
applied themselves diligently to the task of gathering and 
discussing observations ; and though the planetary theory of 
shooting- stars offered the most reasonable explanation of their 
appearance, yet it was admitted that the subject was involved 
in considerable doubt, and presented many points of difficidty. 
The occasional apparition of briUiant detonating fireballs, the 
occurrence now and then of remarkable star-showers, the pre- 
cipitation upon the Earth's surface of stony masses, were facts 
which could be verified from many independent sources, and 
they set men thinking to account for the strange and startling 
freaks of Nature as exhibited in these phenomena. Coidd such 
bodies as aerolitic stones fall from the Moon P Could they, after 
being expelled from the lunar craters, have met with the Earth 
in her orbit and come so far within her attractive influence as 
to have been peremptorily drawn to her surface ? Could the 
smaller shooting- stars, often seen on starlight nights, be mere 
condensations of gaseous compounds in the extreme outer limits 
of the atmosphere, rendered combustible by unknown processes 
occurring at certain stages of their formation ? * These, and 

* Some of the ancient philosophers appear to have formed correct ideas 
of the astronomical nature of meteors. Humboldt says that Diogenes of 
Apollonia, who probably belonged to the period intermediate between 
Anaxagoras and Bemocritus, expressed the opinion that ' together with the 
visible stars there move other invisible ones, which are therefore without 
names. These sometimes fall upon the Earth, and are extinguished, as took 

?lace with the star of stone which fell at -^gos Potamoi.* Plutarch, in the 
xfe of Lyaarvder, also says, ' Falling stars are not emanations or rejected 
portions thrown off from the ethereal fire, which when they come into our 
atmosphere are extinguished after being kindled; they are rather celestial 
bodies which, having once had an impetus of revolution, fall, or are cast 
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other questions, came to tlie fore at first as likely to yield some- 
thing tangible in the attempted elucidation of the subject, but 
the materials fi*om which the investigation must be conducted 
were of the most imperfect, indefinite nature, and there seemed 
little prospect of a satisfactory solution of the question on such 
a basis. Records there were, and in abundance, of many 
exceptionally large meteors and of star-showers ; but though 
the facts were well attested in themselves, the descriptions failed 
in the most important details. The observers had been startled 
by the unexpected character of the phenomena, and had given 
exaggerated accounts of what they had seen. The vivid bright- 
ness of a meteor (overpowering the lustre of the stars, and even 
vicing with the Moon in splendour), the flaming train left in 
its wake (curling itself up into grotesque shapes as it drifted 
and died away), the form of the nucleus with its jets and sparks, 
and the final explosion with the accompanying reverberations, 
were all portrayed by the enthusiastic observer ; but in rare 
cases only were the really valuable points preserved for investi- 
gation. The direction of the meteors' flight amongst the stars, 
and the duration of its visibility, were facts of more significance 
than the mere appearance of such an object, which, though 
imposing in an extreme degree, was yet useless for calculation 
of the orbit. That these points were seldom given their due 
weight by some observers is to be regretted, though it is a 
matter for congratulation that at the present day men are fully 
alive to the importance attached to such records. 

Heis at Aachen (and later at Miinster), in Germany, was 
the first to devote himself with proper method to the habitual 
observation of shooting-stars. He was attracted to the subject 
at a time when our knowledge was meagre in the extreme, 
entering a path untrodden by any previous observers, and setting 
an example to those who followed him in the same line of 
research. His observations soon indicated the existence of a 
large number of meteor-showers, and showed that the periodical 
displays of August and November, though unique and specially 
interesting as furnishing many falling stars at their several 
epochs, were not by any means the only such systems requiring 
investigation. He was aided by the contemporary labours of 
Schmidt at Bonn and Athens, and other assiduous observers, 
who now began systematically to apply themselves to the work, 
cataloguing the apparent paths of the meteors visible during 
their watches, with the ultimate view of comparing them to^ 
gether and deducing the radiant points of the chief showers ^^ 
Thus the work progressed until Schjaparelli of Milan enunciate^^ 

down, to the Earth, aAd are precipitated, not only on inhabited comitri^.g 
but also and in greater numbers, beyond these, into the great sea, so ttv^/ 
they remain concealed.' 
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his theory oi identity in cometic and meteoric orbits. He was 
led to this remarkable discovery by investigalions of the August 
meteors in 1866 ; and it at once raised this branch of astrouoniy 
to a much higher position than it had formerly occupied, for it 
gave the phenomena of shooting-atara a sigiiificance far beyond 
what had been accorded to them. They were shown to bo purely 
astronomical in nature and origin, revolving in elliptical orbits 
about the Sun, and existing in infinite numbers in interstellar 
space. The constituent atoms of a shower became visible when 
upon the intersection of the Earth and meteor orbit they en- 
tered the atmosphere with such velocity as to produce instan- 
taneous ignition and combustion, resulting in the immediate 
disruption and collapse of each particle so entering into coUision. 
Only in rare cases and in the instance of the more massive 
fragments would one be found of sufficient solidity to ponctriite 
completely through the atmosphere and fall upon the Earth. 
By far the greater number of such bodies being of miniature 
size were consumed in the upper rarefied limits of the atmosphere, 
and obviously that would he an exceptional incident in which 
a meteor overcame the resistance of Uie dense air strata lying 
closely over the surface of the Earth. 

The intimate relation of comets and meteors being clearly 
demonstrated by their accordant orbits and bv the occurrence 
of star-ahowers at the very times when the Earth passed through 
cometary tracks, it was sought to estabhsh the theory on the 
basis of a large number of such agreements. But apart from 
the meteoric displays of April 20, August 10, November 13 and 
27, there are no instances, which can he safely and certainly 
accepted, of exact coincidence in the calculated orbits of meteors 
and comets ; and this is a Kttle surprising when we admit into 
the comparison the large number of results which have accu- 
mulated. In many cases the positions of the radiant points 
agree closely, but the shower of meteors appears to he diffused 
over a long period, with no evidence of condensation on the 
special night when the Earth approaches the node. Take the case 
(if Comet I. 1850 15, radiant point at 313°'5 + 60°'5 on Jmie 
'i'l+. Now there has never been observed a well-detined 
outburst of meteors on or about that date, (hough from the point 
nieiitioned a lingering shower (or series of showers) is sustained 
(liiring the long interval from April to November with an 
average radiant at 315°'5 + 60°-0, derived from twenty-three 
iiidependent observations. Another instance of like nature is 
afforded by Comet II. 1850 y, radiant at 2°-|-54^ Oct. 19 + , 
™ch fails ven' near a series of showers near a Cassiopeia at 
? '2 + 52°-l July — Nov. (twenty-two observations). Now the 
inference of physical connexion between these pairs of radiant 
points is rendered untenable by the remarkable persistency of the J 
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meteoric display ; for a true cometary shower can only endure a 
few nights. The agreements, therefore, are conjectured to result 
from pure accident, for obviously there must arise many similar 
positions amongst the large number of radiant points at present 
comparabk. This is rendered still more probable by the fact, 
that even in some cases where the accordance is good, both in 
position and epoch of the radiant centre, the comet's paths were 
very distant from the Earth, never approaching it within many 
miUions of miles, so that it is difficidt to understand how the 
particles are encoimtered at such remote distances from the 
nucleus. A shower of meteors from Corona in April was found 
to coincide with the radiant point of the Great Comet of 1847; 
but the accordance is otherwise defective and vitiated by the 
fact that the comet's nucleus * in its node and perihelion almost 
grazed the body of the Sun : and only the lengthy tail which it 
swept or wheeled round with it can be supposed to have reached 
the orbit of the Earth.' * Numerous other instances might be 
cited in which the orbits of comets falling far within the Earth's 
path cannot possibly occasion a meteor-shower, unless, as Weiss 
and Schiaparelli have considered likely, * some portions of the 
cometary substance, repelled from their proper orbits by the 
Sun in the form of the tail and other luminous appendages 
emitted by the comets near their perihelion passages, may have 
extended to such a distance in their orbit planes as to intersect 
the orbit of the Earth.' f We are ignorant at present of all the 
conditions under which meteor-showers are produced, and of 
the many varieties existing among them ; but it appears pro- 
bable that the meteoric particles may be sometimes distributed 
over a considerable width of orbit by the trains and other 
luminous projections from comets during their circumsolar 
passages. 

The apparent long duration of meteor radiant points has 
struck nearly every observer who has entered fully into this 
department. Mr. Greg has pointed out, that according to his 
own experience, the average duration is far beyond the limits 
considered probable. J He states that in his own catalogue of 
meteor -showers deduced from 2000 shooting -stars seen in 
England during the years 1849-67 the average duration for 
forty radiant points (occurring at all periods of the year) is 
thirty-three days ; and there are twelve showers reaching fil'ty- 
four days, some of which, however, he regards as not really one 
shower. He foimd that in not a few cases the period would 
seem to extend for two or three months without any special 
intermission. Dr. Schmidt's results confirm Mr. Greg's, for of 
the forty-five showers included in his catalogue the mean 

* B, A, Report on Luminous Meteors, 1877, p. 165. t Id. 1873, p. 402. 
X Monthh/ Notices It.A.S.f vol. xxxviii., p. 351. 
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durarion of Tisibility is thirty days or more, and many instances 
of long duration are similarly evident amongst the extensive 
observations of the late Professor Heis. Schiapajelli from the 
reduction of the meteors seen by Zezioli at Bergamo in Italy 
found a series of radiants in the month of January' grouped 
together near jj — 2 Ursfe Mnjork, and a Coroiiw — a Bootix, and 
in April near -rr Hercidw, and he regarded them as distinct or 
separate families of radiant points, which, though separated 
from each other in position or by nights on which no inter- 
mediate meteors were observed, nevertheless possossed in 
common some features of very close resemblance. ' Should 
the effect of planetary perturbations which retarded the return 
of Halley'e Comet in the year 1759, nearly one month from 
the time of ita perihelion passage, as calculated by D'Alembert 
and C'lairaut, also explain the wide differences between the 
separate coils of spiral meteoric streams apparently encountered 
by the Earth in the meteor- systems of which the above groups 
or families of radiant points appear t« present immistahable 
examples, a new field of investigation in meteoric astronomy 
is beginning to mifold itself in these interesting discoveries.' * 

In the spring of 1876, the writer commenced a series of 
observations of shooting stars, and they have been continued to 
the present time. The aggregate number of meteors observed 
is 5706, in about 520 hours of watehing. The path-directions 
were always registered with special care, the chief flini being to 
derive the radiant points accurately. About half of the total 
number of meteors were recorded before midnight, and the 
remaining half in the morning hours. To supplement and con- 
firm my personal observations, I undertook the reduction of a 
large number of the meteor-paths registered in the foreign 
catalogues of Heis, Weiss, Zezioli, Konkoly, and of the Italian 
Meteoric Association, 1873, and the number thus projected on 
star-charts amounts to more than 13,000. A considerable list 
of radiant points has been founded on this investigation, and the 
results, when compared with other observations, present many 
satisfactory accordances. The long duration of certain showers 
appears to be incontestably proved, for the same radiant points 
became manifested again and again. They cannot be distinct 
streams, supplementing or succeeding each other at short 
intervals from the same general directions, or they would 
exhibit considerable differences in position; whereas, in the cases 
referred to, the place of departure adheres tenaciously to the 
same exact point of the heavens, so far as it is possible for care- 
ful and prolonged observations to discriminate. The following 

^ are some of the most prominent examples of these long-enduring 

^■Itreams, the average centres of which are derived from a variety 

Hl * B. A. Report, 1871, p. 48, 
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of independent detemuQationa by myself and many other 
obaervera confirming each other very exactly : — 



XVI. 

xvn. 

XVITI. 
XIX. 



July— Nov. 
July 21— Nov. 13 
July— Mar. 
Aug. 3— Not, 13 
Ju^ 6— Dec. 
Aug. 6— Nov. 12 
July 35— Dec. 6 
July 25— Dec. 8 
Aug. 6— Dec. 27 
Aug. 29— Dec. 
Sept. IB — Jan. 
Sept. — Dec. 
Sept.— Feb. 
Oct. 11— Feb. 16 
Nov. 1— Ann! 12 
April 21— Dec. 
July 36— Oct. 31 
April 19— Nov. 15 
June— Oct. 
June — Doc. 



Bsdiant Point. 
B, A. Dsd, I 
7'2 + 52" 1 
r-7 -t- STrQ 
30-2 + 3C-0 
43-d + 26-1 
46' 2 + 45-9 
61-2 + 36-4 
62-0 + 48-0 
69-5 + 65-2 
76-1 + 32'2 
80-4 + 22-7 
106-1 + 11-0 
108-5 + 24-3 
132-3 + 46-9 
132-5 + 20-8 
18M + 34-7 



315-5 + 60-0 
S32-S + 4^-6 
335-r + 62-7 
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These average positions each represent the 
of well-defined meteor -ahowera, clustering nt 
successive epochs. The following diagram shov 
(Nos. III. and Y.), the individual radiants froin 
derived, which may be taken as fair samples of 
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The shower. No. III., near (S Trianguli, is l\° N. of that 
star, and nearly all the meteors diverging from it have been 
short, appearing amongst the well-known stars of Perseus, 
Auriga, and Andromeda. At first they are very swift, streak- 
leaving meteors, but at each later manifestation the velocity 
decreases, and they are rarely accompanied by streaks. It is 
a remarkable fact, that though I have seen 4400 meteors 
(exclusive of the August Perseids) during the last six months 
of the years 1876-79, nearly all of them amongst the con- 
stellations included in tie zone from Pegasus — Lacerta to Leo — 
XTrm, yet I have never found a meteor-shower precisely at 
/3 Trianguli, or slightly below that star, or to the east or west 
of it. Over and over again the radiant point reappears at the 
same place, so far as the necessarily approximate nature of the 
observations will allow one to determine. From Auriga, too, the 
meteors constantly fall from a ceaitre about 2° E of a line joining 
j3 Tauri and i Auriga;' and below an elongated group of small 
email stars there. (See No. IX.) In Perseus there are also 
several well-determinod points of departure extending over a 
few months ; and it now remains for observers to farther inves- 
tigate the alleged peculiarities. The importance of the subject 
cannot be over-estimated. It is impossible that meteor- showers 
can last longer than a few nights (except under special con- 
ditions), on the assumption that they form parabolic orbits, 
and that the true cometary-meteor- showers of August 10, 
November 13 and 27, &c., are to be accepted as typical streams 
belonging to the solar system. Unless the meteor-rings are 
of great width, or imless their orbital directions are nearly 
parallel with the Earth's motion, it is certain that the showers 
must be very short-lived, because the Earth's orbital velocity of 
about ISJ miles per second carries her on about IJ million 
of miles in a day, and she must quickly traverse the stream in- 
tercepting her path, unless, indeed, it is difiused over a vast area 
of apace, m which case the showers might possibly be sustained 

tjnveral months, but not without a change in the position of the 
aradiant point. Evidently the identity of a comet with a star- 
ehower is only safely to be inferred when the position and 
epochs of the two ra^ants are in exact conformity. Amongst 
the very large number of such systems existing in space, there 
must be many varieties of orbit and origin, and the complicated 
effect of planetary perturbations upon such slender streams is 
perhaps not yet sufficiently known or appreciated in its full 
significance. Towards the ultimate explimation of such ano- 
malies as observations have induced, we require much further 
^ siduous labour in the same field. 

Thoae who have worked in this department of astronomy will 
* Ihsn is am orally pemrtent centre 25' N, of this at 77* + &l'. 
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already underBtand how extremely difficult it la to obtain accurate 
and certain results. The iufinite number of meteor- streams, and 
their ffreat feebleness in general, and the difficulty of avoiding- 
error in recording the path -directions of shooting-stars, and 
ascribing them their true radiants, all render the subject very 
compKcated, and are a source of constant embarrassment to the 
observer. Moreover, the frequent impediments ofEered by 
cloudy weather and moonlight prevent anything like extensive 
observations being obtained during a single year, though a 
person constantly on the alert for all avEulable opportimities 
ought certainly to register between 4000 and 5000 meteors in 
the course of twelve months, presuming that he worked all 
night long, and that the period of his observations was 
ordinarily favourable in point of weather. But extensive work 
of this kind is almost useless, unless it is thoroughly reliable. 
Even slight errors in mapping the meteor-patha bring about 
great discordances, and introduce confusion into a subject the 
nature of which is confused. The radiant points, deduced from 
hastily- gathered materials, appear to be extended over con- 
siderable areas of the sky, and cannot be determined with the 
necessary precision. It is a good plan, and one hkely to con- 
duce to correct results in observing meteor-flights, to project a 
perfectly straight rod or wand (held in the hand for the 
purpose) upon the apparent course of a meteor directly it is 
seen, and men, noting the path exactly, it may be transferred 
to the star-chart. By this method the true direction is very 
closely represented, and it isnecessaiy to adopt some such means 
of aiding the eye, which often fails to retain mote than an 
approximate idea of the apparent course amongst the stars. 
The proposed plan so far facCitatea precision, that in the case 
of swift, streak-leaving meteors the paths may often be registered 
with instrumental exactness, for in the moment that the streak 
lingers on the course, the wand is projected upon it, and the 
line of flight carefully noted and accurately reproduced on the 
star-map. 

It is only by the exercise of the utmost attainable accuracy 
that the numerous distinct showers visible every night of 
the year may be disconnected from each other, and their radia- 
tion-centres ascertained. Observations continued all night, or 
during at least four or five hours, are very valuable in this 
connexion ; for the majority of the showers are of such extreme 
tenuity, that during a short watch of, say two hours, no sign 
of their operation may be evident. It is to long-continued 
and accurate observations that we must look for important 
results, and for the final solution of the difficulty presented by 
the apparent long endurance of meteor-showers. Records of 
s^tionory meteors (/. e., meteors whose direction of motion 
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^^hoincides with the line of sight) are also of great utility, as they 
^Vbbviouely appear in the immediate region of the radiant point. 
Ijarge meteors, auch aa bolides and fireballs, when observed at 
several different stations, offer another means of deriving true 
radiant points, though it is not often that the descriptions of 
^^ those who witness such brilliant objects are fomid to agree 
^Lffnd to admit of satisfactory comparison. But when, as occa- 
^Hfeionallv happens, the phenomenon is independently recorded by 
^^n*Q^^i^Al practised observers, the orbital elements may sometimes 
"be derived with simUar accuracy to those of a well -observed 
oomet. The radiant points of large meteors thus derived are 
strictly comparable with the ordinary feeble showers of small 
shooting- stars, because there is no doubt they proceed from 
identical systems. The Perseida of August, and the Leonids 
of November, supply meteors of all magnitudes, from the 
faintest class Just within the limits of vision up to the largest 
type of fireballs. Numerous other systems, amongst which 
may be mentioned the November Taurtiis, also display the 
same variety in the brilliancy of their members. The great 
detonating fireball of November 23, 1877, whose radiant point 
wa3 very exactly defined (by five good descriptions of the line 
of flight) in Taurus at 62' + 21" belonged to the system of 
TaurSl4 noted by Mr. Greg as a conspicuous shower in November, 
and well seen by the writer on November 20, 1876, at the 
point 62° + 22^°. The large detonating meteor seen in the 
early evening of November 21, 1865, with a radiant point 
at 56° + 13° appears also to have belonged to the same stream. 
The great fireball of May 12, 1878, nearly coincided in its 
radiant point (214° — 7°) with a well-determined radiant at 
307°— 8° in April— May; and on August 11, 1876, a large 

EBteor was seen at many places, the recorded paths indi- 
ting a good radiant point at 60° + 51^, corresponding with a 
ower traced by the writer at 60° + 50° on August 12, 1877. 
any other corroborative radiants of large fireballs, with 
ordinary star-showers, might be adduced to confirm the idea 
that they belong to the same individual systems, though in 
Eome cases, it must be admitted, the agreements may be 
accidental. Prof, von Niessl regards detonating and aerolitic 
meteors as a distinct class of cosmical bodies, which differ from 
comets and periodical meteor- showers in the original velocities 
with which they enter the sphere__of the Sun's attraction. He 
has assigned hyperbolic elements to the orbits of several fire- 
balls, and expresses his conviction that they have native 
velocities in space bringing them from remote star-spheres into 
~"« neighbourhood of the solar system." 

It is fair to conjecture that, amongst the vast assemblage of 
• B. A. Seport, 1877, p. 146. 
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meteor-Btreama annually intereect-ed by the Earth, there are 
many varieties of orbit, from the hyperbola to the nearly circular 
orbit, calculated for the fireball of Nov. 27. 1877, by Major 
Tupman. The observed time of flight is the important element 
in the determination of meteoric orbits ; and it is unfortunate 
that accuracy is very seldom attained in this respect, and that 
sufficient attention is rarely given by obaervers to the estimatioii 
of a meteor's visible duration. As to the number of meteor- 
showers at present ascertained, it is impossible to specify the 
exact figures. Several hundreds of well-defined systems are 
now included in our catalogues, and this department is enriched 
every year with new additions to its already extensive records. 
Previously unsuspected showers are constantly being brought 
to light by assiduous observations ; new meteor - epochs of 
decided intensity are becoming well established ; and many of 
the old showers receive frequent and ample confirmation during 
their annual recurrences. But though much haa been achieved, 
more remains to be done in the future, for we are only Just 
beginning to unravel the complicated details of the subject. 
Meteoric astronomy is but in its infancy. "While other depart- 
ments of Science can number their centuries of research, this 
branch can only go back a few years to the time when Heis 
first gathered the materials for its primitive elucidation, and 
the subject is so wide and difficult, requiring ages of diligent 
observation to explain the intricate and anomalous points it 
opens up for investigation, that it will be very long before we 
obtain a full knowledge of the principal meteor-swarms in their 
varied aspects, for they are as numerous as the stars in the 
sky ; and the extremely feeble nature of their apparition will 
for many years enable most of them to elude detection. The 
intermittent character of the true periodical showers will also 
allow them in some cases to escape the most vigilant eye, for 
becoming visible at very short intervals only once or twice in 
a long period of years they are very likely to be overlooked, 
though their special intensity wiU generally afford the means 
of their discovery. 

Meteors proceeding from the same stream present great 
similarity in their visible appearances, and if the observer ia 
careful to note this in the case of each meteor seen, he will 
often be able to attribute the true radiant point though the 
path may he directed from the positions of several contemporary 
showers. Thus the Perseids of August 10 and the Leonids of 
November 13 are of great swiftness, frequently bright, and 
with the almost invariable accompaniment of streaks. The 
Orionids of October 30 are of the same character. The Geininids 
of December 10-12 are swift, short meteors without streaks. 
The Taurids of November are slow, sometimes trained, and 
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often brilliant ; and in tlie early eveningB of that month, when 
ihe radiant ia at a low altitude, they are extremely conspicuous 

ibjectB with inordinately long coursea. The Andromei/ea of 
"ovember 27 are very slow meteors, and not so brilliant 
merally as the Perseids and Leonidg. In fact, the two great 
;owers of November are utterly dissimilar in many points, 
though each can boast a parent comet, and each can give a 
periodical display of exceptional grandeur. 

It must be remembered that the appearance of meteors is a 
good deal affected by the position of ttie radiant points, astro- 
nomically and sensibly. Showers directed from the neighbour- 
liood of the Earth's apex are characterized by great swiftness 
and enduring streaks, hut the non-apical meteors are of less 
speed, according aa they recede from the apex, and phosphores- 
cent streaks are rarely seen upon their courses. The position of 
a shower sensibly, and often materially, modifies the distinctive 
features of its members. When the radiant is on the horizon, 
the apparent paths are of extreme length ; but a radiant at great 
altitude, near the zenith, will furnish meteors with short, diving 
courses. These changes are due to the effects of perspective, 
and it is evident therefore that observers should carefully regard 
(iese facts in determining the real diverging centres of showers, 
for during the same night the meteors of one family undergo 
striking variations as the sensible position of the radiant altera 
its aituation with reapect to the observer's horizon. This will 
become apparent at once if the Leonids are watched from their 
rising on the night of November 13. At first the conforming 
meteors are of considerable length, and their flights are some- 
what gradual across the sky ; hut just before daylight, when 
the stare of Leo are approaching the meridian, their short, 
darting courses are in singular contrast to the earlier apparitions. 
When the radiant ia very low, the visible paths are occasionally 
extended over a vast space of the heavens. On November 12, 
1879, at 10.17 p.m., the writer observed a Leonid (though the 
constellation of Leo was below the horizon) with a path of 98°, 
and this, with a single exception, was the longest track ever 
recorded by him. On December 13, 1876, a meteor was seen 
at T*" 28" p.m. with a path of 122° directed from a shower in Leo 
Minetr just rising. The average lengths of meteor-patha would 
appear to be about 11". The mean assigned by Coulvier-Gravier 
is 13°'9. Schiaparelli deduced from Tupman's observations an 
average of 11°'0. The writer at Bristol finds ir-23 from his 
own observations,* and Sawyer at Boston, Mass., gives 9°'8. 

But the mean apparent lengths of the paths are of minor 
importance to the directions of the paths, and it is to be hoped 
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that at some future time when such records have multiplied 
an attempt will be made at a complete reduction, with the 
idea of distinguishing the showers common to each night of 
the year. We have already gathered a sufficiency of materials 
for certain periods, viz., April 18-20, July 26-31, August 5-12, 
October 18-22, November 10-13, &c., when observers have 
been diligently watching the occurrence of the special showers 
of those epochs. In August particularly a large number of 
records have accumulated, and chiefly on the few nights when 
the Perseids offer an abundant display; in fact, about two-fifths 
of the aggregate mass of shooting-star observations are for this 
period done, and it is now important that the work should be 
more equally distributed over the year. Many nights have 
been almost wholly neglected, and many suspected showers 
have received meagre support. The more slenderly ascertained 
epochs now demand investigation, equally with those already 
well-authenticated by numerous obseryations. 

Certain nights of the year show a marked predominance of 
fireballs and meteors of the brilliant class. The writer recently 
tabulated about 3600 such observations with the view of finding 
the special dates of frequency, which were indicated as follows:* 

January 2, 21, 31. July 11, 20-21, 25-30. 

February 3, 7, 10. August 3, 5, 7-13, 16, 19-22. 

March 1, 2, 4. September 1-2, 6-7, 11-13, 25. 

April 11-12, 19-20. October 13, 15, 17-18, 22, 24, 29. 

May 2, 4, 16, 31. Nov. 1-2, 4, 6-9, 11-15, 19, 27. 

June 6-7, 12, 29-30. December 8-^, 11-12, 21. 

The most remarkable of these dates are distinguished by larger 
type ; they agree in many instances with the epochs of pro- 
minent meteor-showers. 

From the extensive lists of radiant points published during 
the last few years, it is difficult to select those positions offering 
the most abundant displays ; but it is believed that the following 
table (necessarily very incomplete) includes the chief showers 
observed or reduced by the writer during the last few years. 



EpoolL. 

Jan. 1 

Jan. 9 and Dec 

10-13 
Jan. 14 
Jan. 17 
Feb. 15-20 
Feb. 20 
Feb. 20 
Mar. 
Mar. 14 and 

April 9-12 



■\ 



B. A. Decl. 
230' +61* 

221 + 41 

130 + 44 
296 + 63 
236 + 11 
181 +34 
263 + 36 
176 + 10 

249 + 61 



EpoclL. 

Mar. 14 
April 9-12 
April 9-12 
AprU 19-20 
April 19-23 
April 19-23 
April 19-23 
April-May 



B. A. Ded. 

263 + 48 
212 + 66 
184 + 59 
274 + 37* 
288 + 22 
296 + 42 
280 + 68 
229-4 
210 - 10 



May 

July 11, 26-31, and ) « ^ o^ 
Aug. 10 J 6 + 37 
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Oct. 8 
Oct. Ill 
Oct. 16-16 

Oct. lij-sa 

Oct. 16 & 30 
Oct. 31— N 
Oct. 14-20 



Julj 27-30 & Aug. 


341-^13* 


July 2A-30 


328 -12' 


July 3G-Aug. 1 


32 + fi3 


July29and Aug. 4 


30+36 


and Sept. 14r-15 
Aug. G-13 


96 + 71 


Aug, 6-12 and Nov 


70 + 05 


Aug. 6-12 and Sept 61 + 30 


Aug. 0-12 


61+48 


Aug. 6-13 


78 + 66 


Aug. 10 


43 + 58 


Aug. 12 


31+ Id 


Anff. 21-23 


201 + 80 


Sept. 1 


306 + 64 


Sept. 21 


31+19 


Sept.-Oct. 


78 + 67 


Oct. 2 


223 + 63 


Oct. 3-4 


133 + 79 


Oct. 8 and 15 


46 + 27 


Sept. 14-25 & Oct. 
S and Nov. 7 


}"-" 




Oct. 



Oct. 17- 



An asterisk is affixed to the majoi 
impossible to say in several cases, which of them are entitled to 
precedence. 

The two oldest, and certainly the most notable, of the 
meteor- systems of which we are at present cognizant are those 
of August 10 {Perseidt) and Nov. 13 {Leonids). And since the 
magnificent star-shower of Nov. 27, 1872, we have a third 
specially interesting system, remarkable not only on account of 
its unrivalled intensity, but also on account of its probable 
identity with Biela's lost comet, of which it apparently forms 
the debris. Bepeated search for the comet has been fruitless 
since 1852, and this meteor-stream occurring at the end of 
November, and obviously following the some orbit, is the only 
indication we have of its present existence. As to the shower 
of Perseids in August they form the meteor-flight of Comet III. 
1862 : and the Lconidn of November present an orbital roaem- 
blance to Comet I. 1866. The former shower recurs annually 
with considerable activity, supplying about sixty meteors per 
hour (for one observer) on the night of the maximum intensity, 
so that the particles must be scattered pretty evenly along 
the orbit. But in the case of the two November streams the 
conditions are difi'erent. The atoms are evidently condensed 
about the regions of the cometary nuclei, and it is only at certain 
epochs (when the comets are near their nodal passages) that a 
rich display can be expected. The Leonids were seen by 
Humboldt in 1799 on November 12 ; and in the years 1833 and 
1866 they reappeared with striking magnificence, so that the 
periodical apparitions are due at intervals of 33j years, and may 
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H be nest expected in 1899. But there is no doubt that though 
^M this meteor-cloud is confined in its main richneBS to the close 
^V region of its cometary nucleus, yet the particles are sparsely dis- 
H persed through the whole orbit. The stream may be very 
H attenuated in plaees, but careful observations sustained at the 
H proper time will reveal a few of the swift, streak-leaving 
H meteors inconteetably belonging to this shower. There were 
■ displays in 1787, 1818, 1822, 1823, 1841, and 1846, and more 
V recently in 1877 and 1879, though in each case the comet itaelf 
■was far removed from the neighbourhood of the Earth's orbit. 
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Fia. 3. Paths of 17 Leamds observed on the morning of Nov. 14, 1879 
Badiant point ^ UB' + 33°. 

The shower of the present year was sustained over the 
nights from Nov. 11 to Nov. 15. The first meteor was 
at about 11'' 31"" on the 11th, both at Greenwich anc 
Writtle, leaving a fine streak amongst the stars in Uridt 
and Cetus; but the paths as registered at the two slat 
are non- divergent, and the radiant cannot therefore be der 
with certainty, though the meteor was undoubtedly a briU 
Leonid. On Nov. 12, Mr. H. Corder, at Writtle, in Ea 
saw many meteors {in a watch of five hours), incluc 
twelve from a good centre in Lfo at 149° + 23°, and on sev 
other nights he traced additional paths, makuig 29 in all, f 
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le same system. They were bright meteors, eight of them 
ppearing equal to stars of the first magnitude, and eighteen of 
le twenty- nine left streaks. On the night of the 13th the shower 
"as Been by the writer at Bristol, where observations were 
anunenced in the early evening at 5'* 30™, and maintained. 
ntil n*', during which period exactly 100 shooting stars 
■ere recorded. Of these, eighteen were Leonids ; four of them 
■■ere brighter than the stars, in fact the meteors generally 
rom this shower are finer than the average. The radiant point 
'as very distinctly ehown at 148° + 23°, being extremely near 
Ir. Cwder's position and to Professor Hersehel's average 
entre at 149°+ SS" for the great shower of Nov. 13, 1866. 
Jvery meteor left a bright streak, and the flights as regis- 
»red are exhibited in the accompanying plane-perspecfive 
iagram (Fig. 2). 

The maximum occurred at about 15'', Nov. 13, when these 
right Leonids were appearing in rapid succession ; but imme- 
iately afterwards a lull ensued, and meteors came only one now 
nd then from the sickle of Leo, now risen high and clear in 
he eastern eky. The position of the radiant as determined 
hia year coincides exactly with previous observations, and is- 
hown in the annexed sketch (Fig. 3) : — 
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itijaon of the Tadiant point (B) among the etara 

On the night of November 14, the shower was observed by 
Mr. Gray at Bedford, who, however, failed to see the outburst 
m the preceding night. He says : " Part of the sky was 
observed from 1^ 30" to 8'' 30", and from Q^ 30" to IS"". 
Ihirty-eight meteors were seen ; at ll*" and 17*" iiiey ioMcrae^ . 
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in somewhat quick succeasion — ten were notably bright, and 
one equalled Venus in size and brilliancy. Of those whose 
paths were recorded most radiated from Leo ; of the remainder 
many were traceable from the region around a and fi Oenimorum, 
but I was unable to find the exact position of the radiant point." 

On the following night, Mr. Sawyer, at Cambridgeport, 
Mass., observed seven Leoiiiik in a watch of two hours, and 
found the radiant point at 151° + 22\ Other reports from 
America confirm the reappearance of the shower on the morn- 
ings of November 13 and 14. 

I have been particular to mention the facts of the recent 
display of Leoii'uh, because it goes far to prove that they forma 
continuous stream, like the Ferseids, and that the shower is 
visible every yeor with more or less intensity. At the present 
time the parent comet is nearing its aphelion (close to the orhit 
of Uranus), a, vast distance from the Earth, and none but tha 
most widely separated of ita particles could have encountered 
the Earth at her recent approach to the node. It is a significant 
fact that now (thirteen years after the maximum in 1866) the 
shower has recurred on several successive nights in the moat 
decided manner. 

The remarkable display from near y AmlronKd^ due 
about the end of November, and having no sort of coone^Oll 
with the Leonids to which we have been referring, waa first 
witnessed on December 7, 1798, by Brandes whilst travellins 
near Hamburg in Germany. Four hundred meteors appear^ 
in half of the sky during a few hours. On the same date in 
1830 many shooting- stars were seen by the Abb^ Raillard in 
Prance. On December 6, 1838, a meteor-shower was observed 
by Paul Flaugergues at ToiJon, and by Herrick in the United 
States. At the Brussels Observatory meteors were recorded to 
be four times as numerous as on an ordinary night. On 
December 8, 1847, Heis saw a meteoric shower with a radianl 
At 25° + 40°; and on November 30, 1867, Zezioli noted a iev) 
meteors from a centre derived by Schiaparelli at 17° + 48° 
On November 27, 1872, a great shower of meteors was seen ii 
many parts from a radiant point at 25° + 43°. Tbey fell » 
thickly during several hours that it waa almost impossihl) 
to record the approximate numbers. During the next few 
years the shower became quiescent, but in 1877, November 25, 
the shower recurred again, and was slightly seen by the 
writer. On the 27th it continued feebly ia progress, hut tlio 
exhibition was a very meagre one. In 1878 a conspicuous 
apparition was looked for, but astronomers were disappointed. 
The shower failing in 1878 it was confidently asserted that 

1879 the conditions being more favourable, we should again. 
led in the dense portion of the meteor flight 
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but nothing was seen on the predicted nights, indeed signal 
failure everywhere attended the observers. At Bristol, on the 
27th, the sky was clear at infen'als, and a carefully' directed 
watch was instituted at several periods o£ the night, but no 
meteors were traced in the bright moonhgbt. The sky was 
cloudy on the 26th and 28th, when possibly there may huvo 
occurred some revival of the shower, or it may have taken 
place in the day-time, hut it is certain that nothing of it was 
seen ia England, Reports from foreign observatories* may 
perhaps be more favourable, but in the moonlit sky at the end 
of November observers had a poor prospect of seeing many 
meteors, unless indeed a very conspicuous display occurrei 
Thus the shower of meteors appears, like its derivative comet, 
to liave eluded the search of astronomers ; and in the event of 
its non-recovery in future years it will be conjectured that 
the stream has been deflected away from the nei^bourhood of 
the Earth's orbit under the influence of planetary perturbations. 
Apart from the Leitniih and Aiidromedes of November, there 
a» many other systems presented during that month ; of these 
tie Taurids and a bordering shower in Musca supply the 
chief examples, and they have afforded an abimdant supply of 
meteors during the past month. Mr, Corder says : ' Several 
clear nights in the first half of November allowed of good 
watches for the Tauridn, but the number seen was not large 
considering the length of the observations. There are some 
fllowmeteor-radiants near to this main streamwbich may possibly 
be connected, but of the true Taurids fifty-three were seen, 
ftnd a total of eighty-five when the branch radiants are included. 
Of this number six were first mags., and they were curious, 
for they left very narrow red streaks, which is not usual with 
slow trained meteors. They did not appear like the gaseous 
streaks of the Leonids, but were extremely faint as if only from 
red-hot ash. The colour of the largest ones was greenish yellow ; 
many of the small ones were reddish. Radiant point at 
58°+ 31% and others in ilfMm, the chief, at47°-|- 23°.' These 
observations were fully corroborated at Bristol on the nights of 
November 12-14, when two very active showers were seen from 
the points 60° -|- 21° and 46' -I- 21°, and there were a large 
number of minor showers in play at the same epoch. Observers 
should watch for the annual returns of these numerous Taurids 
and for the other co-operative displays of the season. The 
Leonids and Aiidromedes must be diligently looked for every 
year, so that we may learn more of their history and store up the 
materials for future discussion and investigation. 

* Mr. Sawyer writes from Carobridgeport, Mass,, that he obtained fre- 
ITODt obHerTatioBS between Nov. 29-30 and Dec, 1-6, but there waa no agn 
^tt thiB espeoted meteors. 
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ONE of the oharacteriatics of the course of inatruction at 
the Museum, haa alwaye been that it exercised a con- 
siderable influence upon the men who have to carry it out 
Compelled by the very nature of the institution to keep 
himself constantly acquainted with what is known and what 
is sought, with the definitive acquisitions of science and the 
objects of her aspirations, obliged to co-ordinate the most 
recent discoveries with those which preceded them, to test 
all new theories and ideas, and to bind together the materials 
which incessantly accumulate about the stones forming the 
vast edifice of science, the professor sees the lines of that 
edifice become gradually modified, contributes personally to 
the accomplishment of (heir metamorphosis, and sometimes 
concludes hia course under the domination of ideas quite 
different from those which inspired him at starting, 

I admit without reservation that 1 have undergone this 
influence. Last year I commenced a aeries of investigationfl 
upon transformism. I had no prejudices with regard to this 
doctrine. If certain general ideas attracted me towards it, I 
had also present to my mind the objections repeatedly urged 
against it by the moat illustrious of French naturalists, and 
among these the men for whom I have the greatest esteem and 
veneration. It aeemed to me, however, in the course of my 
lectures that these objections were by no means insurmountable, 
that they were directed against modes of conception of the 
evolution of organisms which were not at all necessary, and 
that they left perfectly intact the actual bases of the doctrine. 
Ascending the series of organisms from the humblest to the 

• Thia article, which contains a great deal of interesting information and 
ne original and euggeative Tiewa on the relations of animal forms, ia 
-htlff ahridged from M. Perrier's opening lecture at tha Muaeum of 
History of Pajia. 
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■moat perfect, and seeking among them not diffcreui^oa but 
relationships, it seemed to me that a simple and very general 
law had presided over their formation ; that they were derived 
one from the other by a constant process ; and I found that I 
had added some additional arguments to the theory of the 
genealogical relationship of species. 

The law which I now have to put forward may be designated 
the law of association. The process by which it has produced 
the greater number of organisms ia the transformai ion of societies 
into indii'iduah. 

From the day when it was proved that every living 
creature was compoaed of microscopic corpuscles more or leas 
resembling each other, from the day when it was seen that 
similar corpuscles capable of leading an independent existence 
constituted of themselves the simplest organisms, it has been 
thought that we might compare the highest animals and plants 
to vast associations of distinct individuals, each represented by 
one of these living corpuscles, one of these celh, to use the 
term adopted by anatomists. In the same animal the cells may 
display a great number of forms and different physiological 
properties. These forms and properties are not in the least 
degree modified by the vicinity of different colls. In the 
Tery heart of an organism each cell lives as if it were alone — 
that is to say, if it were possible to isolate a cell from the human 
body and to place it in a nutritive medium lite that which 
normally surrounds it, that cell would continue to live, to 
obtain nourishment, to develope and reproduce itself : in a 
word, it would exercise all its physiological functions precisely 
as before. But more than this ; in the organism itself the life 
of each cell is so independent of that of its neighbours that it 
ia possible to kill all the cells of the same kind without 
affecting the others. Claude Bernard has demonstrated that 
curare poisons the elements which terminate the motor nerves, 
thus abolishing all movement, without in the least injuring the 
other parts of the nervous system, and, in particular, leaving 
sensibility absolutely intact. It was in consequence of his 
investigations upon curare that he asserted, more distinctly than 
had ever been done before, the principle of the independence of 
the anatomical elements. 

Thus, in organisms, not only are the elementary individuals 
sometimes very dissimilar, but in spite of the bonds which unite 
them, they retain all their personality. We may therefore 
compare an animal or a plant to a populous city in wluch flourish 
numerous corporations, the members of which, each on his own 
account, practise some particular art or industry, and yet 
contribute to the general prosperity through the activity of the 
exchanges which occur throughout ; in the higher organisms a 
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peculiar corporation, incessantly in action, is the ordinary 
medium of these exchanges ; the blood g-lobules are true tradera, 
convej-ing with them in the liquid in which they float, the 
maltiiarions merchandize in which they deal. 

All the comparisons that could be famished by the degrees 
of relationship were employed to express the affinities presented 
by animals even before it was supposed that any real con- 
eangoinity existed between them ; and just in the same way 
the organisms themselves have always been compared to' 
societies, or societies to organisms, without any recognition 
that these comparisons were otherwise than purely ideal. On 
the other hand, we arrived last year at the conclusion that 
association had played an important if not an exclusive part in the 
gradual development of organisms ; we find absolutely convinc- 
mg proofs of this in the histoiy of Polypes, and of the Vermes; 
the affinities of the latter to the Arthropods are doubted by no 
one ; and we have shown bow these same Vermes are connected 
with the Mollusca and the Vertebrata. The theory therefore 
extends to the whole animal kingdom. 

But, in the first place, what are we to understand by asso- 
ciation P In saying that iinimal organisms have been chiefly 
produced by the transformation of animal societies into in- 
dividuals, what are we to understand by the term societies f 
Are we to say that every society of living creatures may be an. 
individual in course of formation P Certainly not ; but there 
are animal societies, in which the relations of the individual* 
are so close that each individual is not onlv in immediate: 
contact, but also in histological continuity with its neighbours. 
To such a society we give the name of colony, which a 
naturalists have changed to cormm. The individuals composing 
these colonies, or cormi, are not always indissolubly united to 
each other. They may separate from their companions, live 
isolated for a longer or shorter time, and even form new 
colonies, thus indisputably asserting their independence. In 
the same zoological group we may find allied species, in some 
of which the individuals live always solitary, while in the 
others they are on the contrary always associated. This is tha 
case in the very remaxbable group of the Polypes or 
Acalephs. 

One species of this group — the brown Kydra {ffi/dra ftisca)- 
18 common in our stagnant waters, and even in very small garden 
basins. It baa never ceased to excite the interest of naturalists 
and philosophers since Trembley first made known its marvellous 
faculties. These Hydras usually live solitary, but frequently 
the larger individuals may be seen bearing smaller ones upon 
the wall of their body. In a Hydra kept in confinement the 
developuient of these may be followed step by step. They are 
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at first aimple swellings, into the middle of which penctratMi 
a prolongation o£ the body-cavity of the parent ; this swelling 
enlarges, and speedily puts forth some tentacles ; a mouth then 
opens in the middle of the circlet formed by the latter. The 
young Hydra, like its parent, is a simple sac, the wall of 
which is composed of a double series of cells, and of which the 
cavity, playing the part of stomach, conunumcates directly with 
the stomach of the parent, so that the contractions of the body 
may transmit any food captured by the one into the stomach 
of the other, and vic^ versd. The parent and child live for b 
longer or shorter time in this close union ; but when the young | 
animal has attained a certain size, it detaches itself, adheres to | 
som.e neighbouring leaf, and begins to hunt for prey c 
own account. Very soon the parent and the young Hydra i 
cannot he distinguished from each other, and both of them. ' 
continually produce new Hydras throughout the summer. 

In water aboimding in food, and often Jn captirity, how- 
ever, things go on rather differently. Each Hydra retains its 
progeny ; the young ones increase in size, and pi-oduce new 
Hydras without separating from their parent. A true society 
is founded. Trcmbley for a long time kept a Hydra, which i 
Ixire as many as twenty-two young ones of different generations. 
It was a living genealogical tree. 

What is only occasionally produced in the common Hydra, 
becomes absolutely normal m another fresh-water species, 
Cordylopkara lacusiris, and in most of the marine Hvdroida, in 
which the colonies are often composed of iimuiuerablo in- 
"viduala. But then a new phenomenon occnrs — the social life 
becomes complicated ; an actual dicUion of labour is efEected 
I Tietween the members of the same colony. At first all were 
I similar, all performed the same functions in the same manner ; 
1 but speedily each individual becomes specialized. One devotes 
itwlf exclusively to the capture of food ; another to the elabora- 
tion of the nutritive material ; and a third to reproduction ; so 
I tkt in the end all these individuals, which originally had no need ' 
I 01 one another, become mutually necessary ; and by this meana i 
I tie society acquires a greater coherence, aHl its members being 
I henceforward bound together as partners. Among the Hy- 
I ilractimio we may reckon no fewer than seven kinds of indivi- 
' Sials, namely, — 

1. The nutritive indi\-idual8, or Gaslrozooids; 

2. The prehensile individuals, or Dactylozooids, furnished 

with bunches of nrticating capsules ; 

3. Dactjlozooids without nrticating organs; 

4. Defensive individuals ; 

5. Reproductive individuals, destined to produce the sexual 

individuals ; 
I Sew series, vol. iv. — no. xiii. u 
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6. Male individuals ; 

7. Female individuals. 

These individuals are not distinguished only by the functions 
they fulfil ; they are also distinguished by their external form, 
so that a peculiar kind of individual corresponds to each special 
function. Each of them, so to speak, acquires the form of 
its employment, at the same time rising, or becoming retrograde 
in the scale of organization, so that here, as in human societies, 
the divinion of labour superinduces diBEerences of condition. The 
species thus become polymorphic. 

Of the seven kinds of individuals composing a colony of 
Hydractiniae, the nutritive individuals alone seem capable of 
being self-sufficient. The others are destitute of mouth and 
of tentacles ; the sexual individuals are reduced to simple sacs ; 
the defensive individuals seem to be only homy spines, 
between which the polj^es can retract themselves. In pre- 
sence of these facts, it would seem to be an exaggeration to 
attribute the quality of individuals to these different parts; 
we have here, it might be said, simple organs. But organs of 
what? They are just as independent of each other, just as 
independent of the nutritive individuals as the latter can be of 
one another. Hence they are not organs of those polypes. 
Are we to see in them organs of the colony ? This is at once 
to recognize that the colony has an individual character, and 
consequently to assume the transformation that we seek to 
demonstrate. But how has a colony been able to acquire sucl 
organs ? whence can they have arisen if not from a transforma- 
tion of the individuals composing it ? 

However, we have no occasion for hjrpothesis in order to 
demonstrate that these colonial organs are the equivalents of true 
individuals. The buds which give origin to the different kinds 
of individuals in a colony of Hydractiniae all originate in the 
same way, and they are for a long time so similar that there is 
nothing to enable one to distinguish them. This furnishes a 
first presumption in favour of their equivalence; but in the 
allied type Podocoryne we see the humble sac which represents 
the sexual individual replaced by a most active and elegant 
creature, much higher in organization than the Hydra itself, 
namely, by a Medusa, which detaches itself on its arrival at 
maturity, and swims about actively in the water, all the 
transparency of which it possesses. 

These Medusae constitute the most general form of the 
sexual individuals in the group of Hydroid Polypes, but they 
are themselves very multiform. From species to species their 
form is modified ; we see them stop at every degree of develop- 
ment, sometimes becoming reduced to the condition of a mere 
bud, sometimes, although completely formed, abstaining from 
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eastinfj tbemselves free, and tonninating their existeute in the 
oobny from which they were born. 

In one whole group of Polypea these Medusie, or their 
equivalenta, associate themselves with the reproductive in- 
dividuals to form a new unit, a sort of email distinct colony, 
which may also be taken for a peculiar organ, the composition 
of which jpreaents the most curious analogies with that of a 
flower, lliis reproductive apparatus has its separate chamber, 
ihe gnnanffium. 

A step further, and we shall see these Medusie, the iiidi- 
yiduality of which is, if possible, still more atronglv marked 
fliaii that of the Polypes, themselves descend to the rank of 
organs in more complex colonies. 

All the colonies of flydroids do not live attached to 
gubmarine objects. There are some which lead a vagabond 
ffldstence. They have often, and not without reason, been 
taken for simple animals analogous to the Medusaj, and desig- 
nated by the name of Siphonophora, which has remained 
attached to them. They sometimes attain a large size, and the 
variety and number, I may say the profusion of the parts 
of which they are composed, together with the brilliancy of 
their colours and the incomparable beauty of their I'aniis, laave 
always been a source of profound admiration both fur the 
naturalist and the sailor. Now each of these parts is the equi- 
valent of a Hydra or of a Medusa. 

In an Agabna, as in the HydractiniiB, we find nutritivs 
individuals furnished with a long tentacle, the mere contact of 
which produces an intense burning pain, — «, kind oifishhifi-Unp, 
capable, in tbe larger species of Siphonophora, of capturing even 
fishes. Side by side with these nutritive individuals, we find 
others destitute of mouths, which are nothing but the repro- 
ductive individuals, in the vicinity of which are tbe sexual 
individuals, in form very like the Medusic. All these indi- 
viduals are fixed upon a common axis, floating and undulating 
in the water, sustained by a sort of aeriferous bell, which forms 
its superior extremity ; two series of sterile Medusa) beneath 
this bell simulate a set of rowers, to which the entire colony 
abandons the duty of moving it about. 

In every respect these various parts are so like tbe Hydra , 
and MedusBB, that we cannot for a moment refuse to accord to 
ihem the character of individuals ; the Agafmn and the other 
Siphonophora are, therefore, true societies or colonies. But 
then most of the individuals cannot, without risk of death, 
be separated from their companions ; and, indeed, in certain 
cases, all co-ordinate their movements to enable the colony to 
accomplish certain actions. For esample, the Portuguese men- 
of-war {I'hi/aalue) are often seen to change their coui'se, and, i 
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then all the individuals of the colony assist in the operation. 
There is consequently a wiU that governs them, a will which 
can only draw the motives of its determination from the exist- 
ence of a sort of social consciousness, raising the whole colony 
to the rank of a psychological unit. Composed of individuals 
each equivalent to one of those HydraB or Medusae which we 
have seen living freely and sufficient for themselves, every 
Siphonophore must nevertheless be regarded in its turn as a 
single animal, as a true individual of a higher order. Here the 
transformation of the colony into an individual is to a certain 
extent manifest. The Siphonophore is an animal, all the organs 
of which are so many distinct animals, each playing a certain 
part. Moreover, we see these animal-organs gradually become 
less and less independent. They approach others, arrange 
themselves regularly around a central individual, which pre- 
dominates, and finally combine to form a creature, such as the 
Porpita or the Velella, in which no one would dream of seeing 
anything but an indivisible animal if the investigation of the 
allied types did not reveal its true nature. 

It is thus, also, that every one hitherto has regarded the 
Sea-anemones and the Polypes of the madrepores and coral, as 
simple organisms, primary individuals, although, in our opinion, 
they owe their origin to a phenomenon exactly like that which 
has produced the Porpitce and the Velellce, and likewise result 
from the union of three kinds of Hydriform Polypes. The fine 
investigations of Moseley on the Polypes of the family Stylas- 
teridae furnish an unexpected proof of this. Considering only 
their calcareous parts, all these creatures seem to be true Madre- 
pores, and the first doubt as to their actual nature was raised by 
Louis Agassiz with reference to the Millepores. 

Between a Coralliarian and a Hydroid Polype the difference 
is considerable ; one is a simple sac, bearing tentacles which 
vary in number with the species, sometimes with the individuals, 
but constant for each of them during the greater part of their 
existence ; these are usually solid, simple appendages of the 
wall of the body. The other consists of a stomachal sac, open 
at the bottom, and around it are arranged hollow tentacles, the 
number of which increases with the age of the polype. Tliese 
tentacles, which have their upper parts free and are united by 
their bases, thus forming the body-wall of the polype, open 
inwards, like the stomachal sac, into a great cavity, the periphery 
of which is divided into as many chambers as there are tentacles 
by the united walls of each two neighbouring tentacles. Upon 
the partitions of these chambers the reproductive apparatus is 
developed, and it thus seems to be contained within the body 
cavity of the polype, whilst in general it appears in the 
Hydroid Polypes in the form of an external bud. 
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[The Coralliariau Polype ia therefore constructed upon a very 
iplicated tj-pe in comparisoii with the Hydroid Polype, and 
it is the latter type that we find realized very clearly in the 
Stvlasteridae. Their colonies present the polvmorphiam peculiar 
to the Hydroida. In them we constantly find nutritive indi- 
viduals, or gastrozooids, purveying individuals, ordactylozooids, 
and reproductive individuals, or gonozooids. In Hjnnijiortt, 
Spomdopora, Pliobothrius, and Erriiia, these different kinds of 
individuals are perfectly independent of each other ; a simple 
vascular network distribntes among them the nourish meut 
seized by the dactylozooids and elaborated by the nutritive 
individuals or gastrozooids. 

But in the Millopores the gastrozooid decidedly acquires 
the predominance. An important member of the colony, since 
it is this which prepares die nourishment for all, it ultruuts 
around it the dactylozooids and reproductive individuals ; all 
range themselves in a circle round the principal individual, 
but without entering into any intimate union with it. 

In Asti/ltia, Sty/anter, and Cryptohelia, this movement of 
concentration round the gastrozooid becomes still more strongly 
marked ; a vacant place is formed beneath it ; its tentacles, 
rendered useless by the vicinity of the dactylozooids, tinallv 
disappear ; it is reduced to a simple digestive sac, around which 
the dactylozooids perform functions exactly like those of the 
tentacles of a Coralliarian Polype. Here again, each system has 
very decidedly its own individuality, but with another step, the 
dactylozooids, still distinct throughout their length, become 
united at the base and attach themselves to the gastrozooid, 
and the gonozooids follow them in this movement. These 
different parts are thenceforward too close together to need a 
special vascular system to place thera in communication ; the 
vessels which united them are no longer more than simple 
perforations of their wall, all opening into the vacant 
qtace aituated beneath the gastrozooid, into which the gono- 
zooids themselves also penetrate; but this whole, the most 
experienced naturalist would thenceforward be unable to dis- 
tinguish from what we call a Coralliarian Polype. 

The individual in the Coralliarian Polype is consequently an 
association of parts differing in form, each of which ia equivalent 
to a Hydroid Polype. 

A Coralliarian Polype furnished with twelve tentacles, is the 
sum of a considerable number of Hydroid poh"pe8, namely, a 
gastrozooid, twelve dactylozooids, and an indeterminate number 
of gonozooids. It is formed by means of the Hydroid polypes, 
like the flower by the agency of the leaves of the plant which 
bears it, or better still, like the composite flower by means of 
its florets. The phenomenon which has produced this polype 
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is the sama that has produced the Porpitn, or the VeJelh, — the 
formation of the colony, or association, the physiologieal division of 
labour, the manifestation of polymorphimn, and finally, the con- 
centration of the parts thus elaborated. Such, from the niorpho- 
logical point of Tiew, is the Buccession of the phenomena which 
mark the transformation of the Hydroid Polypes into Velelke 
and Sea-anemones, The Hydroid Polypes are the rawmaterialH 
which are brought into the factory, and then fashioued and 
definitely assembled to form these superior individualities. 

Whilst these phenomena are occurring in the morphological 
sense, others are manifested in the physiological. The asso- 
ciated individuals have at first nothing in conamon, unless it be the 
nutrition, which all are capable of elaborating, butwhich passes 
from one to the other in such a manner that all the members 
of a colony may equally partake of it ; this is in reality the 
commencement of solidarity, but each polype, nevertheless, 
possesses its own personality. It has its personal will, and 
does not conununicate to its neighbours the sensations it expe- 
riences ; we may wound, or even remove it altogether, without 
any consciouHness on the part of its neighbours. But in pro- 
portion as the colony becomes more coherent, the sensationa 
radiate further and further around the polype ; very soon all 
the individuals are sensible of actions performed upon any one 
of them ; a colonial eoiiscioiisness is thus manifested over and 
ahove the individual consciousness ; and, finally, a single will 
bends all the special wills to its bidding. At this moment a 
new individual is definitively constituted. 

The transformations that we have been able to trace, step by 
step, in the class of Polypes, are not peculiar to those animals. 
It would be just as easy to show how simple forms have in the 
same way become associated in the great group of the Vermes, 
to lead up to complicated forms ; it would be just as easy to 
recognize in this interesting group the laws to which the study 
of the Polypes has led us. It is already a long time since 
Professor Van Beneden asserted that each joint of a Tape- 
worm was the equivalent of a Trematode worm, a Fluke ; and 
for a stiE longer period the segments of a worm, or of an 
insect, have been regarded by naturalists as perfectly equivalent 
units, all formed of the same parts, and each having an actual 
individuality. The name of zoonitcs, which has been applied to 
them, would even seem to indicate a tendency to regard than 
as actual elementary animals, which had formed colonies by 
their association. The faculty possessed, in certain worms, by 
each of these segments of individualizing itself, and forming 
a new colony, bears high testimony to the correctness of this 
\"iew ; polymorphism and the concentration of parts suiHce to 
explain how a Peripatm or a Myriopod may have become trans- 
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formed into an Arachnid or an Insect, how the varioun 1 
Crustacea have issued from a common stem, and how, from 1 
another form of colony, the Anuelidan series may have pro- ' 
ceeded. ' 

On the other hand, it has bcMjn repeatedly maintained that 
the Sea-urchins, the Starfishes, and the Ophiurana, were 
nothing but colonies of worms soldered together by the head ; 
they are certainly colonies, but of a very peculiar nature. 

Can we say the same of the Mollusca and Vertcbrata, all 
the parts of which seem to us to be bo intimately fused together, 
and which are the giants of creation ? Are there simple forms 
the association of which could explain to us the marrellous 
organization of these superior types, aa we have explained the 
formation of the Siphonophora, the Coralliaria, the Echino- 
dermata, the Vermes, and the Arthropoda ? This is what we 
have still to investigate, but it is important to remark, that 
whatever may be the result arrived at, the generality of the 
principle of association will not be at all invalidated. If, in 
opposition to the presentiments derived from our previous 
studies, these simple individualities never existed, wa should 
have in fact to compare the Mollusca and the Vertobrata with 
the primordial individuals, the combinations of which have 
produced the other types, and which we may still recogni2e as 
the base of all the great groups of the animal kingdom, Xow, 
how did these individuals themselves originate ? 

The Hydrse and other analogous organisms furnish our 
answer. We may cut a Hydra into aa many pieces as we like, 
each of these pieces, far from dying, continues to develope 
Itself, and, finally, reconstructs the perfect Hydra. What are 
we to conclude ft-om this, if not that the different parts are 
independent of each other, as the polypes forming one of the 
lowest colonies are of their neighbours? Eaoh cell of the 
Hydra is an actual individual, and the Hydra is a colony of 
these unicellular organisms, justas the Siphonophora are them- 
selves colonies of Hydras, The aptitude for social life is 
communicated by heredity to these cells as to the polypes. 
Each cell, and each polype, when detached from a colony, 
bears within it, as it were, the effigies of the colony, and its 
subsequent development tends always to the reconstruction of 
the lattfer. At first, all the members of a colony are equally 
apt to reproduce it ; thus this faculty, like the others, becomes 
localized and tends to become the appanage of certain individuals 
or of certain part* ; at the same time sexual reproduction 
gradually increases in importance; and when the society has 
attained a certain degree of coherence its different parts cease 
to be able to live independently of each other. As in the case 
of old pe-ople who cannot he separated after a long existence 
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together without exposing them to death, the different parts of 
a highly individualized society die without being able to recon- 
struct themselves ; the reproductive function is thus exclusively 
reduced to its sexual form. 

The Sponges reveal to us their colonial nature even more 
distinctly than the Hydraids. In them, in fact, the Spongiarian 
individual is certainly constituted by two kinds of cellular indi-- 
viduaky the Amoeba and the flagellate Inf usory, the analogues 
of which are to be met with at liberty in the state of isolated 
individuals. The flagelliferous cells of Sponges present quite 
exceptional peculiarities ; they are furnished with a nucleus, and 
a contractile vesicle, and their flagellum is surrounded by a 
membranous collar in the form of a funnel. All these characters 
are to be met with in the Codosigce* which are unicellular Infusoria 
that always live isolated, and which in consequence are to the 
Sponges what the Hydras are to the Siphonophora and Coral- 
liaria. In the Anthophysce these cells always live in colonies, but 
they are still all alike. Let polymorphism step in, — let some 
of the associated cells retain the flagelliferous form, whilst 
others become Amoebao (a transformation which is quite possible, 
since it is one of the most frequent modes of reproduction of the 
imoeboid Infusoria), and the Anthophysa is transformed into a 
sponge. Thus the process is always the same ; whatever may 
be the materials which Nature brings together, cells or polypes, 
she subjects them all to the same elaboration in order to obtain 
from them new individuals. 

The cells, when once brought together, may moreover, within 
the organisms containing them, imdergo in a high degree 
those metamorphoses which are the consequence of the physio- 
logical division of labour, and form diverse organs, although 
these organs cannot be regarded as actual individuals. If 
the individuals of a colony often descend to the state of organs, 
we must not /jonckide from this that the organs of an animal 
are always individuals which have lost their autonomy; but 
the animal to which they belong, although it may never have 
been an assemblage of individualities intermediate between its 
own and that of the cells, is none the less a colony of the 
latter, subjected to the laws of evolution of all the others. 

Thus, even if it should be proved that the Vertebrata and 
the Mollusca are not the result of the fusion of simpler organ- 
isms whiph have once been able to lead an independent life, they 
would be none the less colonies of cells, and the law of association 
would lose none of its generality. 

It remains the fundamental law of the development of the 

* See an article by Mr. W. Savile Kent, in Popular Science Review, N. S., 
Vol. n., p. 1 13, with illustrations. 
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animal kingdom, including and governing those Iti'ri nf'jivirfh, 
of organic rppetition, and of cconomi/, which httTe long since 
impressed the minds of physiologists, expliiining tho hamulogieit, 
hitherto bo mysterious, which are ohserved between the different 
parts of the body and the different kinds of limbs of the same 
animal, and bringing into a single group all the forma of 
sexual generation, which are its most powerfid means of 
creation. Supported upoa the law of the p/i'/siologieal dtrmon 
of labour, the importance of which was first demonstrated by 
M. Milne-Edwards, and upon that of polymorphiim, which, 
without it have no precise meaning, and can only have a very 
restricted bearing, and in its turn the consequence of the hw of 
"k-mioh of protoplasmic masses, it has been the great producer of 
rgiiniBma, and establishes, in an unexpected manner, a fresh 
ind between sociology and those branches of biology which 
tte to the constitution and functions of organisms. 
We now come to the ultimate elements of living bodies, the 
materials which have served for the construction of the simplest 
of them, and we may ask ourselves what may have been their 
origin. Here we are in the presence of unity ; there is no 
lonf^er any question of association. Most living cells consist 
of four parts ; an enveloping membrane and semi-fluid contents, 
in the midst of which we observe a peculiar globule, the 
nucleus, itself containing a nucleolus. Of these four parts, 
only one is truly indispensable, namely, the semi-fluid contents, 
hich axe either perfectly limpid, or finely granular, the 
'•ofoplagm. It is in this curious substance that resides Hfe, 
'iich has no need of any other apparatus to manifest its 
Btial characters. Some particularly remarkable creatures, 
Monera, are exclusively formed of it. These are simple, 
'rfectly homogeneous clots of a Limpid jelly, like white of 
egg. This jelly, nevertheless, performs movements, captures 
animals, digests them, incorporates them wilh its substance, 
enlarges, and divides, when it has attained a certain size, into 
'0 or more small masses, which recommence the life of their 
nt, and like it divide when they have reached a certain 

Thia faculty of division is an important property o£ proto- 
plasm, for it governs all organic evolution. A protoplasmic 
mass cannot exceed a determinate size, AVhen it attains this 
siiie it divides, and as its mass is perfectly homogeneous, as it 
is constantly acted upon by currents which mingle the different 
parts of its substance, the fragments produced by this division 
possess all the acquired or inherited properties of the proto- 
^mic clot of which they formed parts. This is the whole 
ilanation of the important phenomenon of hereiiili/, by virtue 
ry organism transmits to its progeny {even in the 






wnii 

g 

^^^rfi 



rei 

e. 

T 



POPUI^R SCIENCE REVIEW. 

case of Beziial generation) all its specific, and even a part of 
its personal characterB, 

From this incapacity of the protoplaamic masses to exceed 
a certain size, it follows, necessiirily, that all the creatures 
which exceed this size, must be formed of several distinct masses 
of protoplasm, and, in one word, will be colonies. Thus the 
generality of the luw of association is shown to be a con- 
sequence of one of the fundamental properties of proto- 
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The latter constantly breaking up into distinct 
these masses, which there is nothiug to bind together more 
directly, are each modified in a particular way under the in- 
fluence of external agents, and thus has been introduced into 
nature that marvellous variety which strikes us with admira- 
tion ; it is an immediate consequence, like the law of association, 
of the obligation imposed upon protoplasm to divide into small 
distinct individualities. 

Now what is the nature of protoplasm P Struck with its 
homogeneity, and with the identity of the elements composing 
it with those which form alburaenoid substances, it has been 
thought that it was a mere chemical compound, and it has 
even been a question whether it might not be possible to 
produce it artificially — whether man might not be able to 
rekindle the torch of Prometheus and create life at his own 
pleasure — a serious question, which, I believe, has onlv been 
put in coa^equcnce of a strange confusion of words. If it be 
true that the substances which form living matter are the same 
as those which enter into certain chemical compounds, we cannot 
conclude from this that protoplasm is one of these compounds. 
The characteristic of a chemical compound is fixity of coni- 
position ; the composition of protoplasm, on the contrary, changes 
incessantly, without any of its fundamental properties being 
modified. New substances are constantly entering into its 
mass, while others issue from it ; protoplasm is in a state of 
perpetual decomposition and recomposition ; it is not its 
chemical composition that characterizes it, but the mode in 
which it is incessantly decomposing and recomposing itself ; 
everything in it is in movement, and, properly speaking, it is 
this movement that characterizes life. 

Life is therefore nothing but a combination of motions, or, 
if it be preferred, a mode of motion of which certain substances 
alone are capable, and which is not without some analogies 
with thosowhirling motions to which certain eminent physicists 
ascribe the formation and the properties of the atoms of chemistry, 
"We might follow out this comparison between the atoms and 

C' }plasms, and employ it to show that the latter must have 
ibrmed origimdly in the greatest possible number, that it 
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iirould appear that we must always be incapable of reproducing 
them, that they appeared with a whole host of properties which 
liave governed all their subsequent destiny, and that they 
showed themselves from the first with the individuality that 
we see in them at the present day. 
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THE DINOSAURIA.* 

By Pbofkssob H. G. SEELEY, F.R.S., F.G.S. 

[Platb n.] 



EXACTLY fifty years ago Hermann von Meyer, the 
greatest comparative anatomist that Germany has 
produced, recognized the fact that the extinct reptiles of the 
secondary strata have characters in common, which separate 
them from their living allies ; and he proposed to name the 
group Palaeosauria. He further defined tins sub-class of the 
ReptiHa as comprising three chief divisions ; first, flying 
animals, now termed Omithosauria or Pterodactyles ; secondly, 
swimming animals, such as Ichthyosaurs and Plesiosaurs, 
which he named Nexipods; and thirdly, animals resembKng 
the larger and heavier land mammals, which he called Pachy- 
pods. These divisions were at once generally accepted, though 
the name Pachypoda has given place to Dinosauria. It is 
impossible to over-estimate the philosophical merit of Von 
Meyer in dealing with these fossil remains, especially when 
their fragmentary nature is remembered ; and also bearing in 
mind the slow growth of knowledge which has enabled us to 
confirm and appreciate the truth of his views concerning the 
Dinosauria. 

Von Meyer's opportunities were almost limited to the study 
of fossils found in the Triassic rocks of Central Europe ; and 
owing perhaps to the slow diffusion of scientific information, the 
somewhat similar remains which were met with in the Wealden 
strata of the south-east of England were studied without 
regard either to the evidence furnished by German specimens, 
or to Von Meyer's generalization. 

* This lecture was originally delivered on the 19th April, 1879, at the 
Scientific Cluh in Vienna. An ahstract of it, rendered in German hy 
Count Marschall, has already been issued in the Monatshldtter des vnssen- 
schaftlichen Club in Wien, 
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The great merit of Mantell's discoveries ia not easily umler- 
ued, when the large collectionB which he formed are studied 
in the British Muaemn; and the many memoirs in which he 
made their structures known enunciate conclusions which 
Professor Owen in most cases adopted when afterwards describ- 
ing the Fossil Reptilia of Britain. 

Mantell, however, affiliated the animala which he found to 
(tlie Sauriana, for in those days the order Sanria waa ofti^n used 
'to comprise both Lizards and Crocodiles, so that a blending of the 
characters of bones from both these groups of animals appeared in 
no way unnatural. But, probably, Cuvier'a suggestion concern- 
ing the resemblance of the teeth oflguanodon to the teeth of the 
living Iguana, and the knowledge that teeth among the higher 
group of mammals often furnish unfailing evidence of the skeletal 
characters of the animals to which they belong, especially 
influenced Mantell in regarding these fossil Saurians as little 
more than gigantic fossil Lizards. The wealth of materials 
furnished by the English strata for a long time drew to their 
study some of our ablest anatomists; but it was not till 1859 
that Professor Owen proposed to separate them from Lizards, 
and instituted the order Dinosauria, which was chiefly defined 
by having more than two vertebras in the sacrum. Ihe Dino- 
sauria are nothing more than Von Meyer's Pachypodu under 
a new name. Professor Owen, however, was hindered from 
fully appreciating the true nature and structure of these 
extinct animals by a iew identifications of parts of the skeleton 
which have since been better elucidated. Thus, the animals 
|Were at first supposed to have long clavicles somewhat like 
ttliose of Lizards, and the coracoid was also supposed to be 
in the main like that of a Lizard. The bones of the hind 
limb and pelvis were imperfectly known or understood ; 
and it was not until Professor Cope, aided by beautiful 
specimen.* from the Greensand of Ivew Jersey, studied the 
.anatomy of Dinosaurs, that it began to he understood that 
lany of the Dinosaurs had a kangaroo-like form, and that 
mea which were referred to the arch for the support of 
ithe fore-limb really belonged to the arch for the support of 
the hind- limb. Shortly afterwards Professor Huxley, in 
1868, independently came to conclusions almost identical with 
those of Professor Cope ; and, aided by the material dis- 
covered by Professor Phillips in the Forest-Marble near 
' "xford, was able to demonstrate that the supposed coracoid waa 
le ilium, and the supposed clavicle was the ischium. There 
,jxista fortunately in the Oxford Museum a caat of the 
(tibia and astragalus of Pcccilopleuron ; and the character 
ihown by these remains demonstTates that in this part of the 
'.eton Dinosaurs present tho closest possible resembhince 
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to birds. Since the pelvis was bird-like, and the tibia and 
tarBua bird-like, and the early dorsal vertebrie were often 
convex in front and concave behind, like the later dorsal 
vertebra; of Penguins, Professor Huxley strongly supported 
Cope's conclusion that the Dinosanria made a near approach 
to birds. In later years Mr. Hulke, in England, has added 
largely to our knowledge of the Dinosaurian skeleton ; while 
in America, Professors Marsh and Copo have disinterred and 
described gigantic Dinosaurs, which for beauty of preservation 
and completeness of the skeleton surpass all the remains 
previously found in Europe. These later writers have adopted 
the doctrine of avian affinities for the Dinosanria. 

The whole of the Dinosanria, so far as is known at present, 
were land animals, and their remains are most abundant in 
those formations which give evidence of near proximity to 
land, such as the Trias, Wealden, and Greensand formations ; 
though they are represented in almost all the other Secondary 
deposits. From indications of the characters of hind limb, 
vertebrfe, and skull, I am inclined to believe that Protero- 
saurus, found in the Permian, and best known as the fossil 
Monitor of Thuringia, must be included in the Dinoaaurian 
order. In the Trias, especially of Wiirttemberg, as may be 
seen in the magnificent collection administered by Dr. I'raaa 
at Stuttgart, and in the University Museum established by 
Professor Quenstedt at Tiibingcn, Dinosaurs are especially 
abundant, Perhaps the most interesting types are Zanclodon 
and its allies, some of which are still undcscribed. In Eng^ 
land the Bristol conglomerate and other Triassic beds have 
yielded the remains of Thecodontosaurus, Pala?oaanru8, and 
Teratosaurus. The Lias at Lyme Regis has yielded Scelido- 
saurus, and at least one other undeacribed genus ; while another 
genus appears to be indicated in the Lias of Elgin. Megalo- 
saurus, though especially characteristic of the Stonesfield Slate 
and Wealden beds, commenced, so far as can he judged from 
teeth, in the Lias, and continued, as Professor Suess has 
discovered, to the Upper Greeosand. Ceteosaurua, if indeed 
that name can be retained, abounds in the Forest-Marble, Kim- 
raeridge Clay, and Wealden beds, Crypfosaurus and Megalo- 
saums are both found in the Oxford Clay ; Priodontognathua 
probably belongs to the Calcareous grit, though it may be 
Wealden. The Dinosaurs of the Kimmeridge Clay include 
Omosaurus, Gigantosaurus, and some doubtful forms ; the 
Wealden beds are characterized by Iguanodon, which, how- 
ever, ranges from the Kimmeridge Clay perhaps to the Upper 
Greensand. With it occur Hylawsaurus, Hj-psilophodoa, 
Peloroaaurua, Polacanthus, Vectiaaurus, and Omithopsis ; whilo 
in the Upper Greensand of Cambridge, among other genen» 
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Mocruroaaurus, AnoploBaurus, Syngoiiosaurus, Eueerco- 
is, and Acttuthopbolis. The lust genus also ranges into 
e Chalk. On the Continent, after the Triaa, Dinosaurs are 
rarely found. ThaumatoBaurus from the Inferior Oolite ia a 
Hpecies of Pliosaunis, and has no Dinosaurian characters. 
The Contini-iilul Wealden spet-imens are as j-et undescrihed; 
but Professor Suess has found in the Gosau beils a rich Dino- 
saurian fauna, the general nature of which was briefly indicated 
by Dr. Bunzel, Professor Fritsch has figured a fragment of a 
Dinoaaurian limb-bone from the Chalk of Bohemia, and lon;» 
ago Dinosaurian bones were figured from the Maestrieht beds, 
some of them closely conforming to the Iguanotlont type. 
Nothing need be eaid now of .he many American Dinosaurs 
described by Leidy, such as Coeloaanrus, Hadrosaurus, and 
A«trodon, which, together with Lailaps of Cope, occur in the 
Greensand of New Jersey; while in the Far West Professor 
Cope has found Agathaumus. Cionodon, and Polvonnx. More 
recently there have been obtained from Colorado Camarasaurus 
of Cope, which appears to be identical with Atlantosaurus o£ 
Marsh, and is associated with genera named by the latter 
author Morosaurus, Apatosaurus, Allosaurus, and Diplodocus, 
and genera named by Cope AmphicmliaB and Epanterias. It 
is, however, at present uncertain whether the latter genera 
are all distinct from the former. 

This great succession of animals exhibits a diversity of 
organization, exceeding, so far as can be judged from the 
bones, that observed in any existing order of reptiles. It is 
probable that in the long period of geological time the group 
underwent evolution, not merely in the sense of the skeleton 
becoming modified by being adapted to altered conditions of 
existence, forced upon the animals by changing forms of the 
land-surfaces of the world, but also in actual progress from 
a lower to a higher type. Yet, with all this diversity, there 
is rarely any difficulty in recognizing the distinctive Dino- 
saurian characteristics of the animals, as sho'.rn in the trans- 
verse platform of the neural arch from which the neural spine 
rises, in the form of the scapular arch, and the pelvic girdle, and 
the characteristic shapes of the principal bonos of the fore and 
hind IJmba. But when the Dinosaurs first appeared in the 
Trias, the difficulty of defining the limits of the order is great 
on account of the way in which many of the types approxi- 
mate to Crocodiles and other lower animals. In fact, the 
Triaasic Crocodiha seem to foreshadow the Dinosaurs, though 
the two groups are contemporaneous. This is evident from 
the circumstance that I'rofessor Owen formed the order Tbeco- 
dontia to receive such types as the Thecodontosaurus, which 
Professor Huxley has shown to possess the essential charac- 
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teristics of Dinosaurian structure; and that Professor Huxley 
has himself thought it necessary to institute under the name 
Parasuchia, a division of the Crocodilia further removed from 
living crocodiles than the Teleosauria of the secondary rocks, 
for such extinct genera as Belodon and Staganolepis, for- 
merly classed as Thecodonts. Von Meyer at first referred 
Belodon to the Pachypoda, but afterwards thought that Belodon 
was more of a Crocodile than a Lizard, and could not be 
included in that group. Many of the remains at first referred 
to Belodon from the Stuttgart neighbourhood are really 
referable to Zanclodon ; but the true Belodon presents characters 
which show a singular transition in some respects from the 
Crocodile towards the Dinosaur. Thus with a Crocodilian 
twist the long femur has more the shape of a Dinosaurian 
femur than that of the Crocodile, and it has the characteristic 
Dinosaurian trochanter fairly developed on the inner side of 
the shaft, though placed a little higher than usual. The 
humerus is, however, much more Crocodilian in having the 
radial crest reflected downward instead of inward ; and the 
animal was covered with immense and close set plates of dermal 
armour, which rested upon the expanded tops of the neural 
spines, and this covering gave to it a very Crocodilian aspect. 
SimUarlj'', the Aetosaurus of Fraas, sheathed in armour of a 
like kind, yet has a remarkably Dinosaurian type of pelvis; and 
the femur, like that of Belodon, shows the trochanter on the 
middle of the shaft, which is generally regarded as Dinosaurian. 
The tarsus, however, is distinct, the astragalus and calcaneum 
being separate. 

Now it is quite possible that these animals and Staganolepis 
are more nearly related to the Dinosaurs than to Crocodiles ; but if 
so, it only demonstrates that some Dinosaurs must be much more 
Crocodilian than we have hitherto had reason to believe. There 
are several modifications of the Dinosaurian skull. One specimen 
figured by Mr. Hulke, and referred to Iguanodon, exhibits the 
form of the brain-case and its central cavity, showing that the 
brain was remarkable for its great height, that it was com- 
pressed from side to side, and apparently distinguished into 
cerebrum, optic lobes, and cerebellum, placed successively 
behind each other, on the reptile plan, thjugh not like any 
living reptile, and making no approach in shape to the brain 
of a bird (see Fig. 2). A portion of the base of the brain-case of 
a Dinosaur from the Potton sands, which has been named 
> Craterosaurus, is similar to the same region of the skull in 
the New-Zealand Lizard Hatteria, but makes several approxi- 
mations to the Crocodilian pattern. Another Dinosaurian 
skull is referred to Scelidosaurus by Professor Owen; and 
skulls of the Hypsilophodon have been figured by Professor 
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Huxley and Mr, Hulte (see Fig. 1). Now when tliese skulls are 
critically compared with those referred to Belodon, Bome of 
which may belong to Zanclodon, the resemblance of plim 
is sufficiently close to arrest attention ; and points in which 
triassic skulls differ from Crocodilia are points in which they 
approach the Dinosauria. If the Crocodilian skull were sup- 
posed to be plastic and squeezed together from aide to side, so 
as to become much Uiirrower, and sufficiently elevatwl to miike 
the eyes nearly vertical, then the chief point necessary to com- 
plete the Dinoaaurian resemblance would be great relative 
enlargement of the cerebral cavity and the temporal fossiB 
and a reduced length of the jaw. But if instead of comparing 
the Dinosaur with the Hving Crocodile, we had taken a repre- 
sentative of the fossil group of Crocodiles called Teleosauria, 
the resemblance would have been, with auch modifications as 
suggested, almost perfect, nor would the palate have been so 
entirely incomparable with the Dinosaurian palate in certain 
Teleosaurs as in the existing Crocodile. These resemblances, 
however, are probably of value merely as showing that Dino- 
saurs and Teleosaurs may be descended from a common stock ; 
for as the Teleosaurs are unknown in the primary rocks, there 
is no reason for inferring that the one group was evolved from 
the other. The palate in Dinosaurs, so far as may bo judged 
from its condition in Scelidosaurus and Hypsilophodon, 6nda its 
nearest parallel at the present day in the New-Zealand lizard 
"Hatt«ria, in which the pterygoid hones have a similar fonn and 
send processes outward and backward to meet and lap along the 
inner processes of the quadrate bones, which articulate with 
the lower jaw, are similarly separated in the median line, and 
unite with comparatively slender palatine bones. It is difficult 
to estimate the importance of this and other resemblances which 
Dinosaurs show in the skull to Hatteria, especially since, 
taken as a whole, they do not counterbalance the remarkable 
resemblances to the Crocodilian group. Perhaps they rather 
indicate that the systematic place of Hatteria is nearer to 
Crocodiles than its earlier location among the Lizards might 
have suggested. The anterior narea are always placed well 
forward (r"ig. I), divided and almost surrounded by the pre- 
maxillary bones, much as in the Alligator. The nasal bones 
and frontal bones are elongated, as among Crocodiles, but it is 
not quite clear at present whether the frontal bone always 
enters into the cavity for the orbit of the eye. The frontal 
and parietal together contribute to form the large lateral sur- 
faces behind the eyes, to which were attached the muscles 
which worked the lower jaw. At first sight this region offers 
some resemblance to Hatteria, The teeth vary in kind in dif- 
ferent Dinosaurs. Perhaps the moat Crocodiliau typi' is Mega- 
~ vol.. IV. NO. Xill. 
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losauruB, for certain li\'mg Crocodilee have tbe lateral ridgea 
of the teeth marked with maiiute serrations. Professor Huxley 
bos shown that all Dinosaurian teeth, no matter how worn 
ultimately, are characterized by more or less miirked Berrations 
of the compressed margin. The teeth in front are frequently 
simple and conical incisors, contained in the pre-maxillary 
bone, which do not become worn down, because they appear to 
have had udapted to them a toothlesa pad in the lower jaw, 
which was hollowed out something like the beak of a parrot. 
Behind these, without any intervening canine tooth, so far aa 
known forms go, succeed the molars, which in the herbivoroua 
genera usually have their surfaces worn more or less fiat. 
The distinction into pre-molara and molars is a character fairly 
marked in the Crocodilian jaw, where the canine t«etb also 
may be detected ; though, owing to the molars not usually 
being worn down, they do not present the modified appearance 
seen in Dinosaurs. The resemblances perhaps are equally close 
in the teeth of Lizards, where pre-molars and molars are often 
easily recognized, though some Lizards, like the Cnemidophona 
laee)'tinoid€» from Mexico, show distinct incisors, pre-moiars, 
and molar teeth with cusps, like those of mammals. Among 
the Reptilia, probably no part of the skeleton is of less 
value than the teeth for purposes of classification ; and the 
same type, if not the exact form, is maintained in nearly 
allied genera. Taking the skull as a whole, and contrasting 
its Triaasic forms with those of the Wealden beds, the dif- 
ferences which have developed themselves are in all eases such 
aa would be held, in the vertebrate province, to pertain to a 
higher group of animals; but though in Hypsilophodon the 
eyes rest against hollows in the frontal bones (Fig. 1), as 
among some birds and many mammals, there is nothing in the 
ekull which indicates that the Dinoaauria are a transitional 
group, passing into either the Mammalian or Avian Class. 

The vertebral column shows a good deal of variety. If 
Professor Owen is correct in identifying as Dinosaurs certain 
reptiles from the Trias of South Africa, the vertebra may 
have the articular faces of the centrums as deeply biconcave 
as in the living Hatteria or in Ichthyosaurus. In Zanclodoa the 
cervical vertebrae are greatly elongated, like those of a long- 
necked ruminant, and concave at both ends (Fig. 4). In this 
genus, as in Morosaurus, figured by Professor Marsh, the atlap 
and axis are separate bones, as in the existing crocodile, 1h« 
odontoid mass of the atlas fitting firmly, however, against the 
fi-ont of the second vertebra. This is the more interesting 
because in some Wealden types, like Iguanodon. the odontoid 
process is anchylosed with the axis, so as to closely approximate 
in appearance to the condition of the axis in a bird (see Fig. 'A). 
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The Crocodilian resemblance of the bones in Zanclodon is the ' 
more remarkable because in the Teleosaurs there is no such 
Crocodilian condition of the earlicBt neck vertebrte, but a close 
resemblance to the same bones in Plesiosaurus. Here, then, as in 
the skull, there is evidence of evolution, in so far that in later 
time these joints of the neck acquire the ehanicfers seen in a 
higher organic type. The centrums or bodies of the vertebno, 
both in the neck and back, in many, if not all, of the older 
Dinosauria, have their articular surfaces flattened or concave ; 
and though this condition is retained in some of the latest 
known representatives of the group, such as the Dinosaurs of 
Gosau and of the Cambridge Greensand, many other genera, 
such as Megalosaurus and most of the Wealden types, have the 
bodies of the neck vertebra; convex in front and concavely- 
cupped behind, as among the ruminant mammals. This is the 
more interesting because the character waa at first supposed to 
indicate a distinct genus, which waa named Streptospoudylus. 
It is probably one of the characters by which the Dinosauria 
will hereafter be divided into family groups. It is especially 
remarkable, because no reptile presents the same modification, 
though the neck is so curiously constructed among Cheloniana 
as to present this condition in one or two vertebrse. This 
reptilian resemhiance is at least as strong and as important as 
that seen in the lower dorsal vertebrse of penguins, where the 
centrum is also opisthoccelous ; especially as the character becomes 
lost in the lower dorsal region of Dinosaurs. Consequently 
here, too, the change which the mode of unitw of the vertebras 
presents is best explained as a condition of evolution going on 
within the group, by which, as ossification became more perfect, 
the neck vertebrre, like some of those of the back, put on a 
character that is only similarly developed among mammals. 
In all the Dinosauria the neck vertebrEe have small, short ribs, 
with a double articulation, formed on the Crocodilian plan, 
(Fig. 4) ; and in the dorsal region the rib rises entirely on to 
the neural arch, and has two distinct articular facets, the head 
joining the side of the neural arch, and the tubercle being 
connected with the transverse process (Fig, 5). In the older 
genera the dorsal vertebra are moderately compressed from 
side to side, but in the newer types they often become more 
compressed, and the articulations for the rib rise higher up 
■the neural arch, indicating an increased development of the 
lungs. The transverse platform of the neural arch in the 
region of the back, which is one of the distinctive characters 
of a Dinosaur, has a very bird-like appearance ; but it differs 
from that of the Crocodile chiefly in the transverse processes 
being relatively shorter, and lifted higher up the sides of the 
neural arch to make room for the lunga. No part of the 
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Dinosaxirian skeleton is more characteristic than the sacrum 
(Fig. 6), which usually consists of a number of vertebrae blended 
together, so as to form a strong mass, to which short ribs 
were attached. These vertebrae are stated to be always more 
than two; perhaps there may be no limitation in number. 
Certainly in Zanclodon there are only two sacral vertebrae 
united together. Thecodontosaurus, according to Professor 
Huxley, had three sacral vertebrae; Hylaeosaurus not fewer 
than four ; Megalosaurus and Iguanodon five. In Anoplosaorus 
there are six, and in Agathaimius there are said to be eight 
or ten sacral vertebrae. Probably two is the primitive number, 
as among Crocodiles. And just as Professor Huxley has ana- 
lysed the chick sacrum into four true sacral elements, with 
dorso-lumbar elements in front and caudal elements behind, 
which have become blended together owing to the extension 
along them of the bones of the pelvis which are known as the 
iliac bones, so the extension of the ilium backward and forward 
in Dinosaurs, beyond the limits of the two original vertebrae, 
has caused the sacrum to increase in length, and thujs to 
approximate in the number of bones it includes to the sacrum 
of a bird. But if it is bird-like at one end of the series it 
is crocodilian at the other; and here also we have evidence 
of a remarkable change going on in the skeleton of successive 
genera in past time, which I am inclined to regard as entirely 
iunctional and correlated with the circumstance that the earlier 
triassic Dinosaurs progressed in the manner of Crocodiles, 
while some of the later forms put so much of the energy of 
movemen?t into the hind -limbs that they acquired a more or 
less erect mode of progression. The sacrum of Anoplosaurus 
is especially remarkable for the fact that its neural canal is 
enlarged so as to be wider than the entire centrum of a dorsal 
vertebra. 

The tail varies in length. Zanclodon Icevis has thirty-seven 
caudal vertebrae ; other Dinosaurs have probably many more. 
In the long-tailed genera, like Laelaps, Ceteosaurus, and 
Macrurosaurus, the later vertebrae become elongated into a 
dice-box shape. Perhaps the tail is shortest in Anoplosaurus 
from the Cambridge Greensand, in which only eight vertebrae 
have been found, and probably but few more existed. Many 
Dinosaurs, though not all, have in the first half of the tail 
V-shaped bones articulated at the junction of each pair of 
vertebrae on the underside. Sometimes these chevron bones 
(see Fig. 7) are long, at others short ; sometimes the V-shape 
becomes changed into a triangle by the articular facets uniting, 
as among certain lizards ; occasionally they are prolonged to 
the end of the tail. The tail shows less modification, perhaps, 
than any other part of the skeleton. As among Crocodiles the 
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transverse processes disappear in its hinder part, and the earlier 
caudal vertebrie are usually massive hut short (Fig. 7). There 
is nothing about the tail suggestive of resemhlance to a bird, 
and the characters of the caudal vertebra; of ArchsGopterj'X 
are quite different, nor would it be worth while examining 
how far the tail may he paralleled among the Mammalia. It is, 
however, right to mention that in certain Dinosaurs, which are 
otherwise imperfectly known, the articular ends conform to 
the Crocodilian pattern in being procoelous. 

When the elements which form the vertebral column are 
id from the matrix so as to be adapted together by their 
itural surfaces, they usually fall into three marked curves. 
Sret the cervical vertebras form a curve which is convex on 
the under aide and concave above, showing that the neck 
was usually arched upward. The dorsal and sacral vertebra; 
similarly form a curve in the opposite direction, that is to say, 
convex in length on its upper side, between the fore and hind 
limbs, indicating that the back was arched. While the tail 
vertebrse similarly form a curve in the reverse direction, or 
concave on the upper margin, and its concavity is usually so 
well marked aa only to be intelligible on the hypothesis that 
the root of the tail was elevated to a considerable height 
above the ground. In the larger-tailed Dinosauria the depth 
and thickness of the tail was immense, and perhaps entirely 
Crocodihan in the relative proportion which it hore to the 
depth of the body. 

The ribs in the dorsal region appear to have been long, 
well curved, directed outwards, and sometimes upwards, so as to 
enclose a large visceral cavity. They are usually compressed 
from side to side, and sometimes flattened above, so that the 
cross-section of the upper part of a rib resembles a capital T. 
This character is especially seen in the Dinosaurs from the 
Greensand of England and Gosau ; and, judging from the way 
in which the transversely expanded neural spine of Belodon is 
correlated with the support of dermal armour, it seems probable 
that lateral stripes of dermal annour may be inferred from 
this condition of the dorsal ribs, especially as massive dermal 
plates are found in association with the remains in both those 
localities. The specimen of Ceteosaurus at Oxford includes a 
bone which Professor Phillips interpreted as the sternum. 
Such a bone may perhaps exist in some of the German triassio 
genera, hut no other trace of it has been met with, and hut 
few ribs could have been articulated to it. 

The scapular arch changes but little throughout the entire 

up (Fig. 9). It consists of a broad rounded or quadrate 

did, which unites with the long and flattened scapula to 

the glenoid cavitywhich receives the head of the humerus. 
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The coracoid is always pierced with a foramen near to its union 
with the scapula. The scapula always widens at its union with 
the coracoid, and sometimes, as in the cretaceous genera, deve- 
lopes a not inconsiderable acromial process, which is absent in 
examples from the older rocks. In Megalosaurus the scapula 
and coracoid are often blended together. In many genera 
the scapula has a slight backward curve, and is also convex 
in length, so as to adapt itself to the form of the ribs. This 
form of scapular arch finds no parallel in the form of the bones 
among existing Reptilia except in the Ohameeleon and Hatteria. 
Yet the resemblance of these bones to some in the Triassic 
Crocodilia is remarkably close, and the absence of clavicles 
rather points to a Crocodilian than a Lacertilian affinity. 

The fore-limb presents nothing bird-like (Fig. 9). The 
humerus, as already remarked, differs from that bone in the 
Crocodile rather in detail than in plan, and the expansion of 
the head of the bone and of the distal condyles, probably has 
more relation to the weight of the animal to be supported 
than to the characters of the type from which the group 
was modified. The head of the bone, however, is not parallel 
to its distal end, and there are characteristics that would as 
well admit of a Lacertilian as of a Crocodilian interpretation ; 
yet the form of the bone in most cases permits no doubt as to the 
ordinal group to which it belongs. The ulna and radius were 
placed one behind the other, more after the manner of the 
Lizard, perhaps, than of the Crocodile. Specimens in the 
British Museum show that the radius was received in a groove 
or depression of the ulna at its proximal end. The olecranon 
process at the humeral end is large (Fig. 9). The carpus has 
hitherto been imperfectly figured. It is represented by Professor 
Owen in Iguanodon in union with the ulna and radius, and 
appears to consist of two bones. In this genus Professor Owen 
has figured a remarkable spur on the inner side of the foot, thus 
identifying a bone which Mantell formerly regarded as a nasal 
horn, and which Professor Owen had subsequently interpreted 
as a claw phalange. The specimen is obscure, but from 
evidence that many Dinosaurs have five digits in the fore- 
limb it may not perhaps be impossible that this supposed 
anomalous spur may be an abnormally modified digit. The 
number of phalanges in the fore-limbs appears to be variable. 
Altogether the fore-limb is but little specialized, and might 
have been modified from any generalized reptilian type. Its 
characters have been but little discussed. Taken as a whole, 
it must be regarded as furnishing important evidence of rep- 
tiKan affinities, which, unlike the parts of the skeleton already 
mentioned, change their type but little in the various genera 
which conserve this grade of animal organization. 



The pelvis, on the other hand, ia unlike that of any reptile. 
As is well known, the Ilium, or bone which extends along 
the sacral vertebrse, ia in Reptiles either vertical or directed 
backward, though it attains its most expanded form in the 
Crocodiles (Fig. 11). In Birds it extends about equally befoj-e 
and behind the acetabulum, or cup for the articulatiou of 
the femur. In the Mammals it ia directed almost entirely in 
front of the acetabulimi. Too much importance ought not lo 
be attached to tho direction of this bone as a mark of affinity, 
because its direction is almost always entirely forwards in frogs, 
probably without any other explanation than the influence of 
the manner of progression of the Auuru in dotermiidng the 
direction of its growth. Similarly we are as little justified in 
regarding the Avion extension of the Dinosanrian ilium as a 
mark of Avian affinity in these animals, as we should be in 
regirding the direction of the Anurous ilium aa an evidence of 
Mammalian affinity. When the shape of the ilium in Triasaic 
Dinosaurs is esanuned and compared with that of the Crocodile, 
the resemblance is closer than m.ight have been anticipated. 
The ilium has its chief extension backward ; there ia a process 
directed downward to the ischium, and forward to the pubis. 
This is well seen in Zanclodon, aa is proved by specimens in 
the Tubingen collection ; and I infer by analogy that the left 
ilium of ThecodontosauruB figured by Professor Husley also 
had its chief extension behind the acetabulum (Fig. 12). But 
there is no doubt that other genera, like Iguanodon (Fig. 13), 
had the anterior process of the ilium, which is not developed 
in Thecodontosaurus, extended far forward ; while other genera, 
like the Morosaurus of Marsh (Fig. 10), show the bone to have 
great depth, and, if rightly interpreted, to have its chief 
direction inclining anteriorly. There would thus appear to 
have been a progreaaive modification of thia bone, by which 
a reptilian form which was associated with a Reptilian mode 
of progression became changed for an Avian shape in animals 
in which the progression was birdlike. And, although I con- 
fess to doubts concerning the right reading of aonae of Professor 
Marsh's figures, it would appear that these changea of form 
tended sKghtly towards the Mammalian pattern. The ischium 
is essentially a Crocodiliun bono ; and in the Atlantosaurue or 
Camarasaurus figured by Professor Marsh has a shape which ia 
Crocodilian, meets the pubis much in the same manner as 
in the Crocodile, and the bones appear to have a Crocodilian 
direction. But, on the other hand, in some other genera, 
such as Iguanodon, ischium and pubis ai'C slender bones, which 
resemble, both in form and direction, the same elements in the 
Apteryx or the Emeu ; and this resemblance is the more 
interesting since Mr. Hulke bus shown that the pubis 
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a large anterior pre-pnbic process, which may be considered 
Lizard-like or Chelonian, but is not altogether unparalleled by 
the small pre-pubic process of the Apteryx. Professor Marsh 
has described more than one remarkable modification of this 
type of pelvis, which appears to show that a distinctive 
Reptilian feature is retain^, even after the bones acquired the 
closest possible resemblance to Avian forms and manner of 
arrangement. The pre-pubic process, however, might be 
regarded as analogous with the pre-pubic bones of Omitho- 
saurus and Monotremes, although in those groups it is a distinct 
ossification. 

The hind-limb offers a nearer resemblance to that part of 
the skeleton in a bird, than in any other animal, and is much 
more bird-like than the hind-limb in any existing reptile, but 
its Avian characteristics have probably been over-estimated 
(Fig. 10). The femur, or thigh-bone (Fig. 14), is long and 
strong, and readily recognized by three characters : first, the 
depth to which its head is received into the cavity in the 
ilium, which usually makes the whole of the upper, or proximal 
end of the bone an articular surface, and renders it impossible 
to define the head of the bone from its shaft, because there is 
no constriction between them ; secondly, there is almost always 
a sleader free process, or trochanter, directed upward on 
the outer front margin of the bone, which appears to correspond, 
in part at least, to the great trochanter ; and, thirdly, on the 
inner border of the shaft of the bone, at, or above its middle 
part, is another trochanter, compressed from side to side, 
usually called the third, and regarded as peculiarly Dino- 
saurian, which is nothing but the lesser trochanter of the 
mammalian femur somewhat differently placed. This latter 
conclusion is satisfactorily demonstrated by remains of a new 
genus from the Upper Greensand of Gosau, placed in my 
hands by Professor Suess. Here a strong muscular crest, 
which may be exactly compared to the posterior ridge 
between the trochanters on the human femur, sweeps down 
in a curve fi'om the outer and upper margin of the hinder 
side of the bone to the inner trochanter. But though the 
aspect of the femur thus becomes Mammalian, the bone is 
nevertheless modified from a CrocodiKan plan. If we suppose 
the head of the Crocodilian femur to have the apex of its 
triangular outline on the middle of the inner margin immensely 
enlarged at the expense of the anterior part, it becomes Dino- 
saurian. And on the middle of the inner side of the shaft 
of the bone the Crocodile has a trochanteroid thickening, 
which corresponds with the inner or ' little ' trochanter of 
Dinosaurs ; and just as in the Gosau specimens, an * inter- 
trochanteric ' muscular ridge extends from it upward and 
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outward to the proximal end of the hone. Both the trochanters 
are sometimes wanting in American genera. In Helodon, the 
femur diverged but little from the shape in living Crocodiles, 
hut its slight modifications are all in the Dinosaurian direction ; 
and it appears to me, that, like so raauy other of the elements 
of the skeleton, ihe femur underwent evolution in successive 
genera, which caused its original somewhat Crocodilian appear- 
ance afterwards to approximate to the shape that characterizes 
the hone in Birds and Mammals. 

The next segment of the hind-limb, consisting of the tibia 
and fibula, is sometimes much more Avian in its character, hut 
differs fundamentally from this part of the bird's skeleton in 
having the fibula better developed, so that it extends down to 
articulate with the tarsus, while in birds it tapers away 1o a 
needle point, and never is inserted into the tarsus at all. The 
Avian character is, therefore, to be found in the tibia only. 
id here it is limited to two points. First, the development 
a strong anterior crest, which is directed forward and out- 
'ard, so as often to extend in front of the fibvda, is a Dino- 
nrian character met with, to some extent, among Birds, but 
~quit« as well mai-ked in Mammals. Secondly, the shape of the 
distal end of the bone is hii-d-like ; but that form is found in 
no adult bird, and is only to be detected in the young bird 
Ijefore the tarsus has become blended with it ; so that while it 
might go to show, perhaps, that Birds are descended from a 
common stock with Dinosaurs, it would he misleading to regard 
it as altogether Avian, since the character is lost in the adult 
bird's skeleton. It is only in such genera as Cojlosaurus 
(Fig. 16), Megalosaurus, and Iguanodon, that the tibia has a 
shape that suggests the bird ; while in Hylicosaurus (Fig. 15), 
it is, if not Crocodilian, more suggestive of a crocodile than 
a bird; and, so far as can be inferred from figures of the 
Colorado type named Morosaurus (Fig. 10), the tibia in that 
genua is altogether Reptilian. But when the tarsus, or rather 
the astragalus, is closely applied to the tihia, as in Megalo- 
saurus, Pfficilopleuron, Lselaps, or Iguanodon, it gives the 
bone a rcsimiblance to the bird which is almost convincing, 
since the parallel extends to nearly every detail. The character, 
liowever, is shorn of much of its importance, when we remember 
that there are many Dinosaurs in which there is an oa calcis, 
or heel-bone, placed side by side with the astragalus (Fig. 17) ; 
~ aid that in other genera like Morosaurus, the astragalus was 
iOt an Avian conformation, so that it is not a general charac- 
' ristic of the order, and, therefore, must have undergone 
ange in the group. It seems, hence, more reasonable to 
Eer that the Avian type of the hone is more likely to be 
k consequence of the hind-limbs being used for progression 
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in certain genera, after the manner of birds, than that what is 
among existing animals a clasa-characteristic, should disappear, 
especially as Morosaurus is one of those genera in which some 
of the vital organs made a remarkable approximation to the 
bird-type. Morosaurus had two rows of tarsal bones- The 
metatarsals are three, as in Laosanrus, four, as in SceKdo- 
irufl, or five in nvunber, as in Morosaurus ; but they are 
rer anehylosed into one mass, as in Birdis. The number of 
phalanges increases in the outer digits as in Birds and Reptiles. 
The clanr phalanges are sometimes compressed from side to 
side as in Birds, sometimes from above downward, as in 
~ sptiles. 

This survey of the osteology of the Dinosauria leads us, I 
think, to conclude that whatever the group eventually became, 
it originated in a close family relationship with the Crocodilia ; 
and that plan, which was never entirely obliterated, underwent 
a development in most parts of the skeleton, more perfect than 
is known to have occurred in any other group of animals. But 
this series of changes in the skeleton did not convert the 
crocodile into a bird or a mammal, or make it anything but a 
near ally of the crocodiles, which, owing to the influence of 
conditions of existence, came to simulate birds in some parts of 
the skeleton and mammals in other parts. But it is impossible 
to believe that these modifications of the hard parts of the 
animal went on without the soft vital organs changing also ; 
and all analogy would suggest that the change was progressive, 
so that the vital organs of the Crocodile may have greatly 
altered. But whether the progress extended so far that certain 
Dinosaurs became eventually changed into birds in all essen- 
tials of organization and in some parts of the skeleton, while 
others approximated to mammals, is a speculative problem, 
attractive in its plausible simplicity, with which facts do not 
yet enable us to deal in a satisfactory way ; though it must be 
admitted, they give some support to such an hypotheais. 

A satisfactory classification of the Dinosauria can hardly be 
made until we know far more of the fossil representatives of 
the group, more of the extinct reptiles of South Africa, of the 
Labyrinthodontia, of the Ichthyosauria, and of the Omitho- 
sauria, for with all these animals Dinosaurs show some evi- 
dences of affinity. The higher Labyrinthodonts, which, in 
some unexplained reverence for formulse, have got themselves 
included in the Amphibia notwithstanding the characters of 
their skull ond axial skeleton, certainly closely approach Croco- 
diles, and therefore Dinosaurs and Ichthyosaurs. The Ich- 
thyosaurs are perhaps such a group as the Dinosaurs might 
have become under aquatic conditions of existence ; for 
although the resemblances of Ichthyosaurs to ordinary Dino- 
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saurs are of the most slender kind, their peaemblancea to the 
triaesic Crocodilia are more importunt, aud auggesl such a 
view as a possibility. 

ProfesHor Cope divided the Dinosauria into three proups. 
The first, Symphypoda, comprises CompsognathoN from tht' 
Soleiihofen Slate, and OmithotarBiis from the Kew Jersey 
Greensand. The second group, Goniopoda, in which the tarsal 
bones embrace the tibia, includes Megalosaurus and Iguanodon. 
While the third group, called Orthopoda, is represented by 
Scelidosaurus, and comprises Dinosaurs in which the proximal 
tarsal bones are separate, and do not embrace the tibia. 
Professor Huxley has disputed the value of this division, and 
believing Compaognathus to be a type outside the limits of the 
Dinosauria. has united the two groups together under the name 
OiTiitlioscelida. But seeing that the proximal tarsal bones are 
united with the tibia after lie manner of birds in some Omitho- 
saurs, while in other genera they always remain separate, it 
seems probable that the Dinosauria might naturally include 
CompsognathuH. Professor Hiixley has subdivided ordinary 
Dinosaurs into three families, distinguished by their teeth and 
other characters They are named from typical genera Mega- 
losaurida3, Scelidosauridte, and Iguanodontidfle. But though 
these are the best marked Dinosaurian groups in England, there 
are many Dinosaurs that it would be diffaeult to place with 
theae. Finally, Professor Marsh proposed a new sub-order, 
Sauropoda, for the gigantic Dinosaurs described by himself and 
Professor Cope from Wyoming and Colorado. I may perhaps 
be permitted to state that on very slender evidence I ven- 
tured to predict the existence of this group nearly ten years 
ago. It happened that I was studying Dinosaurs, and arrived 
at views about the skull which led me to examine a bone 
in tne British Museum, long previously regarded as the tym- 
panic or quadrate bone of Iguanodon. It appeared to be an 
imperfect dorsal vertebra, and as there was another and earlier 
vertebra in the collection of a like character, I named the form 
Omithopsis Hulkii, in honour of Mr, Hulke. The genus was 
named Omithopsis on aJ3count of a bird-likcncas, in nothing 
more remarkable than in the way in which the bodies of the 
vertebrto were excavated, as in Birds and Pterodactyles for 
the reception of an uir-cell prolonged from the lung. Professor 
Cope has shown by his admirable descriptions that this is the 
most remarkable character of the great Colorado Dinosaurs, 
such as Camarasaurus, which differs from Omithopsis in minor 
generic characters. The type is truly Dinosaurian, and there- 
fore profo\mdty interesting as showing that animals which put 
on so many avian characters in their bones, acquired lunga 
only compariible in complexity and plan to those of Ptero- 
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dactyles and Birds. So that we may say that tliis group 
which I had formerly in mind when using the name Geteosauria 
demonstrates that certain Dinosaurs approximate to both those 
groups, and may have possessed the vital organization of a bird. 
Hence Dinosaurs are to Crocodiles what Birds are said by 
evolutionists to be to Lizards. 

Thus I have endeavoured to bring together not merely 
strings of names of animals in which the beautiful museums of 
Germany and Vienna are rich, but have tried, by a touch of 
the scientific wand, to make them unfold their structure and 
history, and live again, not as mere dry bones, but clothed with 
a power of engendering truths. 



EXPLANATION OF PLATE H. 

Fig. 1. Kight side of a generalized Dinosauriam skull, restored chiefly from 
a figure of Hypsilophodon, by Professor Huxley, and partly 
from Scelidosaurus and other materials. 

Fig. 2. Outline of the brain-cavity of Iguanodon in the middle-line of the 
skull, after Mr. Hulke ; the large size and upward extendon of the 
optic lobes is more remarkable than in Teleosaurus, but the form 
of the brain-cavity is most like that of Ichthyosaurus. 

Fig. 3. Axis of Iguanodon, from the Wealden Beds, showing the odontoid 
process and the two tubercles for the rib. 

Fig. 4. Early cervical vertebra, with cervical rib of Zandodon, from the 
Trias of Wiirttemberg. 

Fig. 5. Dorsal vertebra of Iguanodon, showing that the attachments of the 
rib are entirely on the neural arch. 

Fig. 6. Sacrum of Iguanodon, seen from the visceral surface, consisting of 
five vertebrae, anchylosed together. 

Fig. 7. Mid-caudal vertebra of Iguanodon, showing the long neural spine 
and large chevron bone. 

Fig. 8. Centrum of vertebra of Omithopsis, showing the cavity for the aii- 
cell which excavates the body of the vertebra. 

Fig. 9. Fore-limb of Morosaurus, after Professor Marsh. 

Fig. 10. Hind limb and pelvis of Morosaurus, after Professor Marsh. 

Fig. 11. Ilium of Alligator, a, p. The anterior process. 

Fig. 12. Ilium of Thecodontosaurus, placed for comparison with the Alli- 
gator, fl. p. The anterior process. 

Fig. 13. Hium of Iguanodon, after Owen and Huxley. The Hium of Mego- 
losauTUs is intermediate between this type and that of Moro- 
saurus, shown in fig. 10. a, p. The anterior process. 

Fig. 14. Femur of Iguanodon, after Professor Owen. 

Fig. 15. Tibia of Hylaeosaurus, after Mr. Hulke. 

Fig. 16. Tibia of Coelosaurus, after Professor Leidy. 

Fig. 17. Distal end of Tibia and Fibula in Ornithotarsus, after Professor 
Cope, showing their union with the astragalus and calcaneum. 
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PALEONTOLOGY.* 

PROFESSOR NICHOLSON has published so many teit-bookfl and 
maDuaJs on various eubjects of N.itural IlUtory, thitt in a verj ebon 
time, if he condnuuB in the same taafaiou, hia works of this kind will make a 
small Uhrarj of themBelvea. tGa latest productian is a second edition of hid 
Mamiai of PaliBimtfiogy, the first issue of which tuok place just seven yeara 
ago, and this has been so thoronghly revised and so greatly augmented that, 
as he himself tells us in his preface, it maj be considered practicallj a new 
book, althouffh of course in the general treatment of the subject the author 
has followed much the same lines that were laid down in his former edition. 
The last section of the first edition, trealiog' of Paboontology from a his- 
torical or Btratigraphical point of view, has been expanded by the author into 
a separate book, having the title of The Andeni Life-Hittonf of the Earth, 
in which the subject is developed in much more detail thnn could be com- 
patible with the plan of tlie present work, and hence the author has thought 
it best to omit this section altogether. Thus without diminishing the use- 
fulneea of bis book, he has been enabled to avail himself of a considerable 
L Koount of apac* for the more complete exposition of hia primary subject. 
■ This coQ^sta in a regular, systematic treatment of the fossil forms 
Plutherto discovered in the strata of the Earth's crust, and it must be con- 
fessed that Dr. Nicholson has been most successful in carrying it out. Com- 
mencing' with the Sponges, as the lowest types, he proceeds upwards through 
the various classes of the animal kingdom, the fossil mmains of animals 
nsturaJly occupying the greater part of the work ; and in all cases the de- 
scriptions of the fossil forms are preceded by a short introductory essay on 
the characters of the different groups as manifested at the present day, a 
most important elcmeot in the philosophical conception of the subject, as too 
many palceontologists aie inclined tn forget that in the interpretation of 
fossils they must be guided solely by considerations drawn from existing 
species. 

* A Mamud of PaJisontoIoffv for the me of Stttdenti, laiih a Oetieral In- 
troduction on the Pri7td/?/e» of Patieonlotugy. By Henry Alleyne Nicholson, 
M.D., &c. Second edition, 2 vols. 6vo. Edinburgh and London : Black- 
wood and Sons. IViTS. 
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Palseo'botaiiy, or the palaeontology of plants, is treated of rather cursorily 
in the last few chapters of the book ; and there, also, the author has changed 
his plan. Instead of attempting to give a systematic revision of the fossil 
forms of plants, he has employed the chronological mode of treatment, which 
perhaps, considering all things, is the best that can be adopted for conveying 
a general idea of this department of the subject. The fact is, that from our 
imperfect knowledge of fossil plants and the very nature of those organisms, 
it would be almost impossible to produce a good picture of this department 
of palaeontology on a systematic basis within moderate limits, and the interest 
attaching to tiie geological history of plants is generally derived, less from 
the consideration of the individual types than of their combinations to form 
Floras, which must necessarily be treated in connection with the strata in 
which they occur. * 

It woidd be useless, and indeed most uninteresting, to the reader, if we 
were to attempt anything in the shape of an analysis of the chapters of Ihr. 
Nicholson's work devoted to palaeozoology. It will be sufficient to say, in 
general terms, that the book has evidently been prepared with the greatest care, 
and that, on testing various parts of it, we find that the author has embodied 
in his statements the results of nearly all recent researches in all the departments 
of the subject. This is especially observable in the second volume, which 
chiefly deals with the Yertebrata ; here we find that some of the latest con- 
tributions to the history of extinct reptiles, birds, and mammals, have been 
made use of by the author. In his preface, indeed, he tells us that owing to 
some delay in publication, after the preparation of the greater part of the 
book, and indeed after a considerable portion of it was in print, he has been 
unable to avail himself of certain important memoirs which have appeared in 
the interim, such as ZitteFs valuable systematic works on Fossil Sponges, 
Professor Mobius' treatise on Eozoon canadense, Mr. Moseley's researches 
on the Stylasteridae, and several others which have appeared chiefly in the 
course of the year 1879. Such causes of regret, however, are almost in-» 
separable from the production of a work of this magnitude ; and students of 
palaeontology have every cause to be grateful to Dr. Nicholson for the 
labour which he has expended in the elaboration of this Hand-book.* 

With the view of rendering his book as complete as possible, the author 
prefixes to the systematic part of it, a general introduction, intended to 



* Although we have thought it unnecessary to attempt any criticism of 
Dr. Nicholson's work, we may call attention to the fact that Dr. Traquair 
has written to various periodicals, calling attention to a misstatement of his 
unpublished views as to the systematic position of certain Fishes (VoL 11., 
pp. 134 and 138). Dr. Nicholson has in consequence sent out a statement, 
which may be pasted into the book as an erratum, to the effect that, * The 
reader will kindly delete " Platysomidae " from the list of mb-orders of 
Ganoids, and place these fishes next after the Palaeoniscidae as a famify of 
Lepidosteidae Dr. Traauair holds that the Platysomidae con- 
stitute a family very distinct from tne Pycnodontidae, but closely allied to 
Palaeoniscidae, and that the position of both Palaeoniscidae and Platysomidae 
is rather in the sub-order Acipenseroidei.' 

' Dr. Nicholson's mistake, says Dr. Traquair, ' is evidently due to his 
having had only a very hurried glance over my proof-sheets, and that only 
on a single occasion.' 



expl^n to the reader the cosilitiona under which foasila are presented 
coDrideratiori, and the consequencea to be drawn from their stiidj'. In 
sucoessiTe chapters he deals with the nature of totmh and roclis, the cha- 
racters of the sedimentary rocks, their chronolo^cal Huccession, and the 
application of palteontology to the elucidation of the latter, the causes of 
imperfections in the palffiontological record, and the conclusions that may 
be drawn from fossils, winding up with a chapter on the classification of 
the aoima] kingdom and the succession and progression of orfranic types. 
All these subjects, many of which are rather difficult to handle, are well 
treated; and the student who masters these chapters will approach hie 
practical studies with a better intellectual foundation than can be boaat^ of 
by many professed palffiontologiats. A fiUl index and a guod glossary of 
t«rme employed will add (ip^atly to the usefulness of the book, 

We have yet to say a few words upon tiie way in which those volumes 
are got up. In type and paper they leave nothing to be desired, and the 
woodcut illustrationB, most of which are original, and the work of Mr. 
Charles Berjeau, are really beautifully executed. The book is in tact almost 
what our neighbours across the Channel would call vn mtvrage deltixe. But 
we fear that these very characters, which cannot but eidte our admiration 
and approval, must raise the cost of the work to an extent which will 

I^acticnUy cut it ofF from the use of the great majotity of the students for 
vbose behoof it is said to have been prepared. 






TABULATE CORALS.* 



N the preface to his Manval of PtJieimtiJagy, Professor Nicholson remarks 
that he would have conmderahiy modified the section dealing with the 
go-called ' Tabulate Corals,' had his investigations into the structure and re- 
lationships of these fossils been completed in time. The result of these 
roiMarches is now before us in the form of a magnificent octavo volume, 
which we have no hewtation in pronouncing the best of all the author's 

The group of Tabulate Corals {Madreporaria Tahdata) was founded by 
MM. Milne-Ed wards and Haime in the introduction to their splendid mono- 
graph of the British Fos^l Corals, published by the Falfeontograpbical 
Sode^ in 1850, It was established for the reception of a number of rather 
problematical stony structures, ranging in time from the SUurian period to 
the present day, and exhibiting a oouMderable diversity of character, but 
agretong in having well-developed walla, and the visceral cavities of the in- 
dividual polypes divided into a series of chambers, one above the other, by 
complete diaphre^ms or transversa floors. Added to these characters was 
omplete absence, or rudimentary condition of the septal system, which 
sever represented by anything more than n few ' trabeculie ' projecting 
the visceral chambers. The principal living forms referred to this 

n the Structitre and Affnitiet of the Tabulate Corals of the Vidmnano 

', with critical detcriptiim» of IRustralivf Speiiei. iJy II, A llaync 

, M.D., &c, 8vo. London and Edinburgh : lilackwood and 
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prroup bj M. Milne-Edwards, belonged to the genera MQlepora, Sdiopora 
(representing the family MilleporidsB), PocUlopora (referred to the FavoeitidaB), 
and Seriatopora (the type of the Seriatoporidae) ; and the fossil forms were 
more or less closely associated with these in accordance with the resemblances 
apparently presented by the respective polyparies. The great majority of 
the fossilB were from palaeozoic deposits, and the well-known forma of 
Favosites and Halysites may ser\'e as typical examples of the group. 

Although MM. Milne-Edwards and Haime established the section 
Madreporaria Tabulata for the convenience of having some group to which 
to refer a considerable series of fossils with which they were obliged to deal, 
it is very clear that they felt by no means convinced that it was a sound 
zoological group; and as early as the year I860, we find M. Milne- 
Edwards himself, in the third volume of his Histoire NatureUe des CoraUiaireB 
(p. 223), remarking that 'according to recent observations made by M. Agassiz 
upon the Millepores, it b probable that it will have to undergo great altera- 
tions, or perhaps be placed entirely in another class of the animal kingdom.* 
This passage alludes to the discovery by Agassiz of the Hydrozoal nature 
of Millepora, which has since been amply confirmed by Mr. Moseley during 
the voyage of the Challenger, and by Professor P. Martin Duncan from the 
researches made many years ago by General Nelson at Bermuda. Further 
investigations have shown that notwithstanding the correctness of Professor 
Agassiz's observations, the removal of all the Tabulate Corals to the Hy- 
drozoa, as suggested by him and supported by some other naturalists, would 
have been a mistake, the recent genus PocUlopora, especially, proving to be 
a true Zoantharian allied to the well-known Oculinidse. The morphological 
importance of the ' tabulae,' or transverse floors, the presence of which con- 
stituted the chief bond of union between the members of the group, was also 
shown to have been overrated, as similar structures occur in a good many 
genera of undoubted Zoantharian corals. The combined researches of 
palaeontologists in fact showed pretty clearly that the group would never be 
removed ' en entier,' as suggested by M. Milne-Edwards, to any class of the 
animal kingdom. 

Professor Nicholson enters in considerable detail into the history of the 
section Tabulata, which he shows clearly must be * broken up and imdergo 
redistribution.' The performance of this task is, however, a matter of no 
small difficulty, the great majority of the species referred to in this group 
being old Palaeozoic fossils, with no very distinct relationships to any existing 
forms. Our author is inclined to recognize about twelve distinct groups of 
these corals, the aflinities of which he discusses (pp. 12-29). The Mille- 
poridae, here greatly reduced in compass, must, as we have seen, be referred 
to the Hydrozoa in the vicinity of Hydractinia ; and the Pocilloporidae have 
been shown by Professor Verrill's researches upon the animal of PocUlopora 
to be Zoantharians allied to the Oculinidae. Seriatopora, a recent coral, and 
with Milne-Edwards the type of a distinct family, is regarded as so closely 
related to PocUlopora, that it must also be transferred to the same neighbour- 
hood. The Favositidae (Honey-comb Corals) which constitute by far the 
greater part of the section as proposed by Milne-Edwards, are pretty gene- 
rally regarded as true Zoantharia, to which the Columnariadae and Syrin- 
goporidae also probably belong, although their precise position is much more 
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doubtful, Sieliopora, the type of the IIelioporid«, has been proved by Mr. 
Moseley to belong not to the Zoantharia, but to the Alcyonaria, and it carries 
■with it the fossil Heliclites, with which, on the other hand, the * Chain 
Corals' (Halysitidse), the Tetradiidae, and the Theciidae, and, perhaps, also a 
portion of the Chsetetidae, are considered by Professor Nicholson to be nearly 
allied, so that the members of these groups will probably have to he placed 
among the Alcyonarian polypes, or occupy a position on the boundary line 
between the two great groups of Actinozoa. The curious Silurian genus, 
Labechia, has apparently baffled all the ejfforts of our author to give it a 
' local habitation ' in the system. The genus Aidopora and its allies, con- 
stituting Milne-Edwards' sub-order of Zoantharia Tubulosa, are noticed by 
Professor Nicholson as having been considered to be founded upon young 
colonies of Syringoporay an opinion in which he does not share; but he 
abstains from assigning them to any definite place in the system. 

It will be seen from the preceding statements that our author is inclined 
altogether to abolish the Tabulate Corals as a group ; and further, that in 
some casies he is not inclined to accept the family groups proposed by his 
predecessors. The portion of his book, following the summary of general 
systematic results, from which the foregoing particulars have been derived, is 
devoted to the detailed description of the Palaeozoic genera and many species 
constituting the different groups formerly referred to the sub-order. It is 
impossible to overlook the many signs of the most careful work displayed 
in this portion of Dr. Nicholson's book; and although, as we have seen, he is 
compelled by the very nature of the objects of his study to leave many points 
in a state of uncertainty, which, ijideed, may perhaps never be cleared up, 
he may certainly * lay the flattering unction to his soul ' that in his present 
volimie he has made our knowledge of these puzzling organisms take a great 
step forward. 

In the matter of illustrations, also, we are here in a condition of magnifi- 
cent luxury. Scattered through the text are numerous woodcuts, some of 
them the same as those illustrating the chapter on Fossil Corals in the 
author's Marmcdy others original and prepared specially for the present work, 
but all excellent. In addition to these, we have fifteen beautifully executed 
plates, exhibiting magnified sections and other details of the Corals described. 
The figures on these plates, like those on wood, are. all from the author's 
drawings, and reproduced by Mr. Berjeau, upon whom they certainly reflect 
the greatest credit. 



SIBERIA.* 

IN Frossen Asia we have an extremely interesting account of a country 
with which most of us are entirely unacquainted ; and Mr. Eden has 
supplied a brief, but in its way very complete sketch of this territory. 
After giving in the first two chapters some account of the geographical 

* FroTien Asia ; a Sketch of Modem Siberia ; Together with an Acccwnt 
o^ the Natwe Tribes inhabiting that Region, 1^j Charles H. Eden, 
F.R.G.S. 8vo. London. Society for Promoting Christian Knowledge. 
1879. 

NEW SERIES, VOL. IV. — ^NO. XIII. F 
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features of the country, in the third he presents us with a short summary of 
the Geology of Siberia^ for which, however, he states that he is indebted to 
Mr. W. W. Waddington, of Brazenose College. To this succeeds a chapter 
on Mineralogy, which might with advantage have been extended to greater 
length, considering the vast mineral resoiirces of the country, but as these 
resources are far from being developed, it would perhaps be hardly fair to 
complain of the author's brevity in this instance. We may, however, 
remind the author, that malachite (p. 55) is carbonate and not oxide of 
copper. The chapter on the Fauna of Siberia is of particular interest, the 
account of the discovery of remains of the mammoth especially being com- 
piled with no little skill. Curiously enough, the fur-bearing character of 
Siberia is scarcely mentioned, and the sable does not even make its appearance 
in the Ust of Siberian mammals. Of the Flora we hear very little. Per- 
haps there is little to tell, except that ' enough wheat could easily be raised 
to supply the entire European market,' a fact which may be thought worthy 
of notice at the present time. Only two pages are devoted to climate, of the 
rigour of which we gain some idea from the fact that at Yakutsk, ' the coldest 
city in the world,' the mercury ' remains congealed for two, and sometimes 
three months in the year.' Concerning the native races and ' folk-lore,' we 
have upwards of a hundred pages. This part of the book is perhaps the 
most interesting in the volume, and though but a compilation from the 
writings of other authors, contains many facts which must prove new to the 
general reader. The volume concludes with an account of recent explora- 
tions down to the time of Professor Nordenskiold's latest expedition, and is 
illustrated with a map of Siberia, very nicely executed, by Stanford. The 
book is in every particular a very pleasant and readable one, and deserves to 
meet with favour at the hands of the public. 



METALLIFEROUS MINEEALS AND MINING.* 

THE author states in his preface that it has been his design to describe in 
a concise and systematic manner the conditions under which metals 
and metalliferous ores occur in various parts of the world. He also expresses 
a hope that such descriptions may serve, in the first place, to explain, to 
some extent, the origin of ore deposits, and, secondly, by defining the 
zones occupied by the ores of the different metals, to lessen the amount 
of risk with which metalliferous mining is invariably attended. He further 
hopes that the figures and other data which he furnishes may have the 
ejffect of more clearly defining the conditions resulting in successful Tninin g 
enterprise. 

The volume, which extends over nearly 460 octavo pages, is illustrated 
with numerous woodcuts, for the drawings for which the author expresses 
his obligations to his son; and although among these we recognize some 

* A Treatise on Metalliferous Minercds and Mining, By D. C. 
Davies, F.G.S., Mining Engineer, Examiner of Mines and Collieries, Member 
of the Geologists' Association of London, Honorary Member of the Natural 
Science Society of Chester and Wrexham, &c. Author of a Treatise on Slate 
and Slate Quarrying ^ &c. London : Lockwood & Co., 1880. 
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■with ■which we have long heieo familiar, they ftre, is a whole, not onlj 
■well drawn, hut &1ao judidoufily Bekct^^d for the purpoaes of illustration. 

There is throughout this work evidence of much pntient compilatioD, and 
it undoubledly contains n conaideraUe amount of useful information. It is, 
however, to be regretted that auffident care has not been eiercisod in tixe 
exclusion of error, and that when generalization haa been attempted it 
becomes obTioua that the author does not possees a sufficient grasp of tiie 
subjects of which he treats. 

A list of such inaccuracies would exceed the limits of our apace, but a 
few only of those which have been observed may be cited as examples. 

It is stated (p. 79) that ' all the gold-bearing roclia lie below the Caf 
boniferouB group," whereas it is wall known tliat the majority of the cocks of 
the gold regions of California are Juraasic. 

We are informed (p. 1 13) that ' the presence of silver in lodes or strata 
is not observed iu be& newer than the Cambrian limestone.' All who 
poseesa a competent acquaintance with such subjects are, however, aware thai, 
the Great Comstock Lode of Nevada, which mnce its discovery some twenty 
years ago, has produced silver to the value of 40,000,000/, is enclosed within 
walls of undoubted Tertiary age, and that the vein itself is probably not older 
than the Pliocene period.. 

With repard to lead ore it is stated (p. 238) that its highest hori:ion ' is 
found in the Carboniferous Limestone, this horizon being divisible into two 
Kones; oue in the pnle-coloured massive Hmestonea near the base of the 
series, and the other in the liniestones and ^ts near the summit,' The 
annual production of 40,000 tons of lead ore from the Bunter sandstone 
of the Xhiren and Commecu districts iu Germany is certainly a somewhat 
remarkable exception to this generalization. 

We are taught (p. 280) that ' the geological horizon of the ores of 
mercury ranges from the summit of the Lower Cambrian rocks to the base 
of the Llandeilo beds of the Cambro-Silurian strata.' Is Mr. Daries aware 
that the highly productive quicksilver mine of New Almaden in California, 
and several others in that country, occur inrocka of Cretaceous age P 

Turning from the distribulion of metalliferous minerals to the statistics 
of their production, we still find inaccuracies, but space permits ua to mention 
only two of them. At p. 121 the annual production of copper in Spain is 
stated to be about 6000 tons, whereas two Spanish mines alone produced 
above 20,000 tons of that metal during the year 1877. Again (p. 197) 
the annual production of lead in Belgium is estimated at 700 tons; reliable 
statistics show that the production of thiit country in 1876 amounted to no 
less than 6973 tons of metallic lead. 

It will be seen from tie following observations on the rocks of Cornwall, 
that many of the opinions brought forward differ materially from those 
accepted by geologistii. At p. 128 when speaking of these rocks the author 
states : — ' In maps they are all included as Devonian, which is, I think, 
■with all deference to other observers, a mistake. My own interpretation 
of the ages of the strata I have just described is this:— Tlie granitic 
masses belong to the Laurentian or the baseof the Cambrian, the hornblende 
slates with the serpentine, and porphyiies, to the Cambro-Silurian, the 
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argillaceous slates to the Silurian, passing gradually in their upper portion 
into the Devonian/ 

In going through this volume, one cannot but sympathize with its 
author, who states (p. 397) that he feels ashamed when he thinks 'how 
German mining engineers may read the reports of some of our mine captains 
and experts on mineral properties.' We would add that we are by no means 
satisfied that the opinion of foreigners, with regard to EngUsh mining 
literature, will be materially improved by a perusal of the book before us. 
It is, however, probable that the information vouchsafed (p. 417), namely, 
that * potash is potassium mixed with varying proportions of other substances,' 
will be new to them. 



ROUGH WAYS MADE SMOOTH.* 

THIS is another of the volumes of interesting essays for which Mr. Proctor 
is becoming famous, there being few authors gifted with his wondrous 
power of making int cresting and instructive articles out of some of the most 
difficult branches oi science. Like most of the preceding volumes, Rough 
Ways made Smooth, is essentially a collection of some of the numerous 
articles contributt d by him to the magazines during the last few years. We 
note, however, that many of them have been revised and amended so as to 
render them more suitable for their present purpose. The present volume 
commences with an essay on the * Sun's Corona and his Spots,' in which the 
author shows that the theory that the corona varies in size directly as the 
number of spots, is without adequate basis, although several of those who 
have devoted much attention to this subject were led to suppose that it did. 
The second essay is.on ' Sun-spots and Conmiercial Panics,' and is devoted to 
showing the fallacy of the idea that sun-spots rule the commercial morality 
of civilized nations. The idea of a possible connection between sun-spots and 
commercial panics is .founded on one of those partial coincidences which are 
60 fascinating to the minds of the quasi-scientific, or to even savants, when 
they sally out of their own domains into less familiar regions. 

The third essay, ' New Planets near the Sun,' deals in a popular manner 
with the observations of .Prof essors Watson and Swift during the eclipse of 
July 1878. The fifth and sixth essays deal with the Moon, and have special 
reference to its past history and the supposed new crater. There are one or 
two errors in these, not so much on the part of the author, as on the part of 
those whose opinions are quoted. The early history of the Moon, like the 
early history of the Earth, must be discussed by one having the combined 
resources oE chemistry and mathematics at his command. Any discussion by 
one who is purely a chemist, or purely a mathematician, must inevitably be 
vitiated by errors due to an imperfect grasp of the chemical or mathematical 
side of the problem. In several places. Professor Newcomb's opinion is 
quoted on selenographical subjects, although the experience of that eminent 
astronomer must be most limited in these matters. Essays seven and eight 

* Rough Ways made Smooth, By Eichard A; Proctor. 8vo. London : 
Chatto and Windus. 1880. 
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deal with the meteors of the great shower of November, and those whicli 
seem associated with the orbit of Biela*8 comet. The meteor-shower which 
it "was anticipated would be seen when the Earth passed nearest to the orbit 
of the comet, was not seen, either in November 1878 or November — 
December, 1879. 

The remainder of the volume is devoted to essays of less strictly scientific 
nature, but in most cases of most interesting character. Those on ' Artificial 
Somnambulism,' ' Hereditary Traits,' and ' Mechanical Chess-players,' are 
especially well worth reading. On the whole, like most of Mr. Proctor's 
books, it is one which is far more easily taken up than laid down. 



ERASMUS DARWIN. 



THE student of English books dating back some thirty or forty years and 
upwards has doubtless often met with fine if rather magniloquent 
verses quoted from a work called the Botanic Garden. This was a didactic 
poem of no small merit, in whatever light we look at it. Published 
originally in 1790 and 1791, its author was Dr. Erasmus Darwin, of 
Lichfield, a man of considerable repute in his day, and who would have 
occupied a far higher niche in the temple of Fame if his contemporaries had 
been in Ihe least degree capable of appreciating his qualities. As most 
naturalists have long been aware, this Dr. Darwin was the originator of a 
conception of organized nature on the basis of evolution, which met with 
but contemptuous treatment from the author's countrymen. He has also 
a claim on our gratitude as having been the grandfather of Charles Darwin, 
whose influence upon the progress of Natural History has probably been 
greater than that of any other writer since the days of Linnaeus. 

A short note on his grandfather's biological views inserted by Mr. Darwin 
in the later editions of the ChHgin of Species excited the curiosity of a 
German savant, Dr. Ernst Krause, to know something more of the opinions 
entertained by Erasmus Darwin ; and the result of a careful study of the 
writings of the latter on the part of Dr. Krause, was the publication in 
Kosmos of February last of a biographical and critical essay, a translation of 
the latter part of which, preceded by a biographical notice from his own 
hand, is now given to the public by Mr. Darwin. 

Dr. Krause speaks of Erasmus Darwin as follows : — ' This man, equally 
eminent as philanthropist, physician, naturalist, philosopher, and poet, is far 
less known and valued by posterity than he deserves, in comparison with 
other persons who occupy a similar rank. It is true that what is perhaps 
the most important of his many-sided endowments, namely, his broad view of 
the philosophy of nature, was not intelligible to his contemporaries ; it is only 
now, after the lapse of a hundred years, that by the labours of one of his 
descendants we are in a position to estimate at its true value the wonderful 
perceptivity, amounting almost to divination, that he displayed in the 

* Erasmus Darwin, By Ernst Krause. Translated from the German 
by W. S. Dallas. With a preliminary notice by Charles Darwin, Small 8vo. 
London, John Murray, 1879. 
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domain of biology. For in him we find the same indefatigable spirit of 
research; and almost the same biological tendency, as in his grandson ; and we 
mighty not w^ithout justice, assert that the latter has succeeded to an 
intellectual inheritance, and carried out a programme sketched forth and left 
behind by his grandfather/ 

' But, at the same time, we remark a material difference in their interpre- 
tation of nature. The elder Darwin was a Lamarckian, or, more properly, 
Jean Lamarck was a Darwinian of the older school, for he has only carried 
out further the ideas of Erasmus Darwin, and it is to Darwin therefore that 
the credit is due of having first established a complete system of the theory of 
evolution.' Clearly such a man as this deserves to be rescued from the com- 
parative oblivion into which he had fallen, and we are glad to see that two 
writers have in this same year tried to do justice to this English worthy. 

It is hardly necessary to say that the life of Erasmus Darwin as a 
successful physician in a provincial tovm passed without any striking 
incidents. What is to be told, however, is told here by Mr. Darwin in an 
exceedingly pleasant style, and he naturally devotes his attention rather to 
the delineation of his grandfather's character than to the thankless task of 
giving full details of a somewhat uneventful life. Nevertheless, the few 
incidents narrated, and especially the quotations given from letters, are full 
of interest for those who like to. realize as far as possible the modes of life 
and thought prevalent at a time so near our ovni, and yet so widely separated 
from us. 

Erasmus Darwin was descended from a family of landed gentry in 
Lincolnshire, and was bom on the 12th of December, 1781, at Elston Hall, 
in Nottinghamshire. He early displayed a great fondness for poetry, and 
also for mechanical pursuits, both of which tastes he preserved to the end of 
his life ; and when very young, according to his elder brother, Robert, he 
used to show little experiments in electricity with a rude apparatus he then 
invented with a bottle. In 1750 .he was entered at St. John's College, 
Cambridge, and took a respectable degree in that university in 1754. In the 
autumn of the latter year he went to Edinburgh to study medicine, returned 
to Cambridge in 1755 to take his degree of Bachelor of Medicine, then went 
again to Edinburgh, whence he returned in September, 1756, and settled as 
a physician in Nottingham. Being unsuccessful in that city, he removed in 
two or three months to Lichfield, where, owing to the reputation made for 
him by two or three successful cases, he speedily got into good practice. At 
Lichfield he remained for twenty-five years, and then removed to Derby, where 
he died on April 18, 1802. Dr. Darwin was twice married, first to a Miss 
Howard, whom he lost after thirteen years of married life, and secondly to 
a widow lady, for whom he appears to have entertained a strong passion 
even during the life of her first husband, and who survived him. 

Of his grandfather's character Mr. Darwin speaks very imreservedly, but 
on the whole, sums up, and justly, in his favour. As he says, ' There is, 
perhaps, no safer test of a man's real character than that of his long-continued 
friendship with good and able men.' Darwin's intimate and almost life-long 
friends were such men as Josiah Wedgwood, Keir, the chemist, Day, the 
author of Sandford and Merton (are any of the rising generation, we wonder, 
acquainted with Harry, and Tommy, and that wonderful Mr. Barlow P), 
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Boulton, and Watt, tbe engiaeeM, and Mr. Edgeworth, He appears lo have 
been incessantly active, kindly, althougli sometimea aaica^tic, liberal in bis 
pi'aclice, and vety free from what is uauaUy considered aa one of llm 
■weaknesses of a poet, vanity. Hia feelings towards hia childran have bwn 
represented by his female hiograpber, Miss Seward, as not of the most 
amiable character ; and some of bis letters to them show a curious coldne^ : 
Ijut Mr. Darwin proves clearly, indeed from that lad/a own admission, that 
there was no truth in the most repulsive of her stories, and he accounts for 
her ready acceptance of bo much that told to the disadvantage of Dr. Darwin, 
by the motive of disappointed affection, tUe lady hnving-, it appears, 
manifested a strong desire to marry the doctor after tbe decease of his first 
wife. ASWt his death she probably thought that a little spite could do bim 
no barm, while it would certainly be a stab for her successful rival ; and it 
would appear that Mr. Darwin's father was in possession of documents 
connected with tbe doctor's relatjooa with Miss Seward, which he thought 
it would be unpleasant for her to have published. 

What Mr, Darwin modestly calls his PrfUmmary yotice to the translation 
from Dr. Krause's essay occupies about three-lifths of tbe bttle volume that he 
Las published in commemoration of his grandfather, andwe fear that we have 
followed liis example in the present notice. 'We, have, however, already 
indicated in general terms, borrowed from Dr. Krause's essay, what was 
the character of Dr. Darwin's philosophical work, and tbe essay on his 
scientific laboura ia even in the original so condensed that we could hardly 
do justice to it without transferring the greater part to our pages. ' ;Vlmost 
every single work of the younger Darwin,' says Dr. Krause, 'raay be 
parceled bj at least a chapter in the works of his ancestor : tbe mystery of 
heredity, adaptation, the protective arrangements of nnimals and plants, 
sexual selection, insectivorous plants, and tbe analysis of the emotions and 
Hociological impulses, nay, even the studies on infants are to he found 
already discussed in the writings of the eider Darwin.' It ia to be remarked, 
however, that Dr. Darwin nowhere gives his ideas on tbe naturt' and evolution 
of organisms in a connected form, but the arguments and details are scatternd 
profusely through the notes appended to bis various didactic poems, and 
only partially brought together more closely in some parta of his great prose 
work, tbe Zoononaa. But even in these scattered notices we recognize, as 
indeed ia remarked by Dr. Krause, the most wonderful resemblances between 
the aider Darwin and his still more dlstinguisbed descendant. In both we 
R>e the same philosophical breadth of view, combined with the same 
tstraordinaty power of grasping and bringing together an immense mass of 
iltlnils from the moat varied sources to support and illustrate tbe argument 
under discusaion — in fact, the same qualities -which most strike us in Mr. 
Udrwin's work are the most prominent characteristics of hia grandfather's, 
Md their eiceroise led both to approiimatoly the same result. That is to say, 
™*smu8 Darwin, equally with Charles Darwin, arrived evidently at a behef 
'1 the origin oE the diversity of orgauiied forms by a process of evolution 
"no from the other, but tie former regarded this process as brought about 
''T iatemal impulses, at least semi-conscious, rather than by the action of 
Mternnj conditions giving rise to a process of natural selection under the 
^'''^^le for esistence. 
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EVOLUTION, OLD AND NEW. • 

DK. KKAUSE, in the concluding paragraph of his essay on the works 
of Erasmus Darwin, says of his system that ' to wish to revive it at 
the present day, as has been actually seriously attempted, shows a weakness of 
thought and a mental anachronism which no one can envy/ This ana- 
chronism has been committed by Mr* Samuel Butler in a very interesting 
little volume now before us, and it is doubtless to this, which appeared 
while his own work was in progress, that Dr. Erause alludes in the above 
passage. 

It is curious to observe how, when a new idea gains the predominance 
in any department of science, the opinions of men oscillate for a time, 
usually swinging, like a pendulum, to a greater distance in the new direc- 
tion in proportion as they have previously been pulled in the other. Thus 
for many years, as we all know, the idea of the transmutation of animals 
and plants, by any means whatever, was regarded as most unorthodox, and 
scarcely a naturalist could be found who would admit that such a thing was 
passible. Nowadays, since Mr. Darwin's well-known works have shown that 
such a thing is not only possible, but that in all probability it has taken 
place, and in fact that on no other assimiption can we account scientifically 
for the facts observed in nature, we find nearly all transf ormists pinning their 
faith exclusively to the theory of * Natural Selection,* and indeed, to a very 
great extent, especially in Germany, to that extreme form of the doctrine of 
which Professor Hackel is the prophet. Under these circumstances, it is 
well that, from time to time, naturalists should be reminded that there are 
matters upon which the theory of Natural Selection, admirably worked out 
as it is, leaves us in the dark ; that there is room for some diversity of 
opinion as to the extent to which the innate qualities of the organism ma}' 
govern its evolution ; and that we have not yet arrived at the point at which 
a new systematic philosophy of the universe may be proclaimed as the only 
truth. 

In his present work (which, after the fashion of musical composers, he 
somewhat affectedly characterizes as ' Op. 4.') Mr. Samuel Butler takes up 
the writings of Buffon, Erasmus Darwin, and Lamarck, and subjects them 
to a searching investigation, with the purpose of showing that the funda- 
mental idea of the origin of species advocated by these writers is identical. 
This, we think, he does fairly enough, except in the case of Buffon, whose 
statements, even upon Mr. Butler's own showing, vacillate in a most remark- 
able manner. Our author endeavours to account for this by ascribing to 
Buffon an * ironical ' intention in many of the expressions used by him in 
discussing questions bearing upon the origin of organic forms by descent with 
modification, — that is to say, that Buffon, having, by some of the statements 
made in his earlier volumes, ' got across,' to use a vulgar phrase, with the 
ecclesiastical authorities, afterwards took the precaution of hinting what he 
really thought, or stating it as a possible result of a certain way of thinking. 



* Evolution, Old and New ; or the Theories of Buffon, Dr. Erasmus 
Darwin, and iMmarck, as compared with that of Mr. Charles Darwin. By 
Samuel Butler. Small 8vo. London : Hardwicke and Bogue. 1879. 
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and then sliirldng the difficulty which was staring him in the face hj winding 
up his remarks after an orthodox fashion. From what we know of Buffon's 
writings, we are more inclined to think that he really never arrived at any 
clear result in his own mind upon the subject of the possible genetic relation- 
ships of species of animals, and that what he says on the subject in the 
passages referred to, is in each case the expression of the passing opinion 
entertained by him at the moment. If this 18 the case, he can hardly claim 
to be the founder of the doctrine of evolution, althouirli it is quite possible 
that some of his remarks may have assisted Erasmus Darwin to arrive at liis 
much juster and profounder views on the subject. That Darwin was the 
evolutionary parent of Lamarck, seems almost certain. Mr. Butler here 
.does full justice to the merits of both these great naturalists. We may 
remark that his analyses of their opinions are preceded by sketches of their 
lives, which will be read with interest; but we must warn the reader that, 
in the case of Darwin, the biographical information is mainly derived from 
^Miss Seward's work, which has been shown not to be particularly tru-^t- 
^vorthy. 

Mr. Butler points out clearly that the great difference between the old 
and new schemes of evolution consists in the assumption, in the former, 
that the variations of the organism are brought about by a sense of need on 
its part, no doubt in consequence of changes in its surroundings, but into his 
further considerations on the nature of this governing impulse, we shall not 
f oUow him. We may, however, recommend Mr. Butler's little volume to our 
readers, as one the perusal of which will open up to them some new views 
on the subject of Evolution. 



THE LAST ARCTIC EXPEDITION.* 

WE are glad to be able to announce that Captain Markham's little 
narrative of his experiences of Arctic exploration when on board 
the Alert, in the late expedition under Captain Nares, has reached a fourth 
edition. He gives an excellent, popularly written, and lively account of 
the expedition, and although the description of its scientific results 
makes no part of his design, he could not avoid, even if he tried to do 
so, giving many details of matters of scientific interest. At this festive 
season, when most of us have to exercise oiu* ingenuity in selecting suitable 
presents for the youngsters, we have particular satisfaction in calling our 
readers' attention to Captain Markham's pleasant and nicely illustrated little 
book. 

* The Great Frozen Sea ; a Personal Narrative of the Voyage of the 
Alert during the Arctic Expedition of 1875-6. By Captain Albert Hastings 
Markham, R.N. Fourth edition. Sm. 8vo. London: C. Kegan Paul and 
Co. 1880. 
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BRITISH PLANTS* 

WE learn from the Preface to this little volume that the illustxated 
edition of Mr. Bentham's Handbook of the British Flora has been 
exhausted, and we presume that, probably for good reasons, the publishers 
have no present intention of bringing out a new one. Under these circum- 
stances they have decided upon printing separately the beautiful and charac- 
teristic series of small woodcuts of British Mo wering plants and Ferns, drawn 
by those excellent botanical artists, MM. Fitch and Worthington Snuth, and 
issuing them in a small volume at a low price. New figures of the species 
admitted into the British Flora since the publication of the illustrated Hand- 
hook have been added, and the little book may thus be used as illustrative 
of the later e^tions of Mr. Bentham's, or of any other Flora. To facili- 
tate reference in the latter case, the index, which follows the nomenclature 
of the original work, includes a good many synonyms indicated by Italic 
type. The figures themselves are too well known to need any words of 
conmiendation from us. 



PHYSICS.t 

THIS is a very convenient and useful little book, which may be of service 
both to pupU and teacher. Its object is simply described in the preface : 
* If schoolboys' notes could be taken down satisfactorily, and always found, 
when wanted, there would be little need of this book. It is intended to 
foim the basis of a course of lessons, illustrated by experiments according to 
the requirements of the class and the resources of the teacher, and it may b^ 
supposed to represent the notes — somewhat expanded^ which the teacher" 
would desire the class to take down and learn.' The Notes are contained im- 
rather more than a hundred pskges, and comprise plain statements with simplt^ 
formulae upon Sound, Light, Heat, Magnetism, and Frictional and Voltaic^ 
Electricity. An Appendix of about fifty pages is devoted to examinatioi:*- 
papers, with references to the paragraphs in which the solution of eact»_ 
question occurs. The writer of this notice has found the little work ex — 
tremely handy as a skeleton form from which to lecture, and still more as d* 
basis on which to found a brief resufnS of the preceding, with which L't 
appears to him judicious to conmience each subsequent lecture. 

W. H. Stone. 



* lUtbstrations of the British Flora; a series ^ wood-enffravings, wi^^ 
dissections, of British Plants, Drawn by W. H. Fitch and W. G. Smitfci. - 
Sm. 8vo. London : L. Reeve and Co. 1880. 

t Lecture Notes on Physics, By Charles Bird, B.A., F.R.A.S., Secoo-ci 
Master in the Bradford Grammar School. London: SimpMn, Marshall & Oo« 
Small 8vo, pp. 178. 
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UNITS AND PHYSICAL CONSTANTS .♦ 

THIS 'book/ says the compiler in his preface, 'is suhstantiallj a new 
edition of my Illustrations of the C, G, S. System of Units, published 
in 1876 by the Physical Society of London, supplemented hy an extensive 
collection of physical data. The title has been changed with the view of 
rendering it more generally intelligible. Though the publication is no longer 
officially connected with the Physical Society, the present enlarged edition 
is issued with the Society^s full consent and approval/ In the first issue it 
was stated that its main object was to facilitate the quantitative study of 
Physics, and especially of the relations between its different branches. 
One uniform scale, a luxury hitherto unknown to the scientific calculator, is 
thus for the first time presented to the observer. The work is divided into 
eleven chapters, the first two of which deal with the general theory of Units, 
and the choice of three representing Mass, Length, and Time respectively. 
These are then applied to Mechanics, to Hydrostatics, to Strain, Stress, and 
Resilience, a new term introduced to remedy the ambiguity of * Elasticity,* 
to Astronomy, to the velocity of Sound and of Light, to Heat, Magnetism, 
and Electricity. An appendix contains the Reports of the Royal Association 
Committee on Dynamical and Electrical Units, of which Professor Everitt 
was reporter. 

The question of uniformity and the particular fitness for the purpose of 
the units chosen are too large for discussion in a mere notice of the book ; 
I Iwt, granting its premises, there can be no doubt that the work has been 
I thoroughly and judiciously carried out. W. H. Stonk. 



MODERN CHROMATICS.t 



T^HE author of this very interesting work states his object to be to present, 
~*~ in a clear, logical, and, if possible, attractive form, the fundamental 
'^cts connected with our perception of colour, so far as they are at present 
*n<>wn, or as they concern the general and artistic reader. For the explana- 
tion of these facts, the theory of Thomas Young, as modified and set forth by 
^felmholtz and MaxweU, has been consistently adhered to. It has also been 
'^ endeavour to present in a simple and comprehensible manner the under- 
ling facts upon which the artistic use of colour necessarily depends. The 
*^ok commences with a general statement as to the Transmission and Refiec- 
^^D of Light, in which it is shown that as painted or stained glass transmits 
^^ormously more light than pigments reflect in a properly lighted room, it 
allows that the worker on glass has at his disposal a much more extensive 

* Units and Physical Constants, By J. D. Everitt, F.R.S., &c.. Professor 
2* Natural Philosophy in Queen's College, Belfast. London: Macmillan. 
^J-own 8vo, pp. 175. 

2^ t Modem Chromatics, with Applications to Arts and Industry. By Ogden 
S • Hood, Professor of Physics in Columbia College. 8vo. pp. 330, with 130 
illustrations. London: C. Keffan Paul & Co. (International Scientific 
^^Hes.) 
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scale of light and shade than the painter in oils or water-colours. In speaking, 
next of colour-production by disp3rsion, the use of the prism is explained, 
and the infinite number of gradations into which white light can thus be 
broken up ; the positions of the coloured spaces, and the proportion occupied 
by each, is estimated according to original observations, — blue and blue-viokt 
representing .*U1 ; violet, 104; red, 149; green, and yellow, and yellowish- 
green, 104 ; green and blue-green, 103 ; and all the others far smaller areas, 
raising the total to 1000 parts. The irrationality of the prismatic spectrum 
is contrasted Avith the normal length as obtained by means of a diffraction- 
grating, red here standing for 3.*K) parts, violet-blue for 117, orange-red for 
104, blue for 74, and the rest for the same complement ; yellow here occu- 
pying the centre of the spectrum, the red and orange being considerably 
increased to the detriment of the blue and violet. It seems that the eye is 
far more sensitive to changes of wave-length in the middle re^ons than at 
either extremity. This is considered to negative theories of colour founded on 
supposed analogies with music. 

The Constants of Colour are next adverted to, and the mode of mixing 
white light with the colours of the spectrum described. Most coloured sur- 
faces are shown to be more or less adulterated with white light, and in 
many instances the latter even preponderates. The first Constant is therefore 
puntj/y or absence of white. The second is a photometric problem, namely, 
relative brightness, or luminosity. Here an ingcLious system of rotating 
discs is brought into play, in which mixtures of colour in the form of sectors 
are estimated against proportional combinations of simple black and white. 
Black can hardly be looked on as an absolute negation, since it reflects from 
two to six per cent. Allowing for this, if white paper be represented by a 
luminosity of 100, chrome yellow has one of 80*3, emerald green of 48*6, 
cobalt blue of 35*4, vermilion of 25*7, and ultramarine of 7*6. The hue of 
colour is the third and last Constant ; this depending on wave-length and 
position in the normal spectrum. The production of Colour by Interference 
and Polarization occupies the fourth chapter, the latter never being seen 
out of the laboratory, while the former furnishes the brilliant plumage of the 
peacock, the humming-bird, and the iridescent armour of beetles. The colours 
of opalescent media are next studied, as seen in milky solutions, in smoke, and, 
on the grandest scale, in the sky. 

Fluorescence and Phosphorescence are next discussed, and the more 
essentially artistic topic of Colour by Absorption is reached. To this process 
the colours of ordinary objects are almost entirely due. This is studied by 
the spectroscope in tinted glass, and diagrams are given, showing the very 
complex nature of the waves transmitted by red, orange, green, and blue 
specimens. A hand-spectroscope suffices to demonstrate the same law in 
blue paper, which, besides white light, giving a continuous spectrum, reflects 
red, yellow, blue, and violet. The white reflected does not, in a strong 
colour, exceed that just named as emanating even from black. In velvet, an 
attempt is made to suppress all surface light, and to display only that which 
has penetrated deeply and thus become highly coloured. The green of vege- 
tation offers a peculiar case. Extreme red is present, with orange, yellow, 
and yellowish-green, running into a full green. A mixture of red and green 
is, later on, shown to furnish yellow light. 
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A chapter on Colour-blindness is rather alien to the present notice. 

Helmholtz and Young's colour theory is reached in the eleventh chapter, 

and Maxwell's colour discs are explained. Overlapping: spectra in Ilelmholtz's 

hands proved the singular fact that union of pure blue with pure yellow 

light, produces, not green, but white, thus overthrowing the hypothesis of 

I^rewster. A section follows on the Mixture of Colours, founded mainly on 

^laxwell's Kotating Colour-discs and Dove's Dichroscope, the results of 

\vhich are compared with mixtures on the artist's palette. 1 binocular Vision 

i.-' afterwards called in aid, and many valuable practical results are recorded. 

The hook, indeed, from this point, becomes less physical, but none the lefs 

useful, from the predominance of aesthetic detail. It would be impossible in 

limited space to analyze minutely the last chapters ; but their general scope 

may be gathered from their successive headings : — Systems of Colours ; 

Contrast; Combinations in Pairs and Triads; and the Use of Colour in 

Painting and Decoration. 

It will be easily seen from what has been hastily sketched above, that 
this book is of exceptional value and originality ; chiefly because it succeeds 
in blending harmoniously the latest researches in Physical Optics with the 
rules and dicta which are the hereditary property and the traditional founda- 
tion of Pictorial and Decorative Art. 

W. H. Stone. 
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ASTKONOMY. 



Mars, — At the November meeting of the Eoyal Astronomical Sodety, 
Professor J. C. Adams read an interesting paper on the motion of the nodes of 
the satellites of Mars, and the important information^ which the ohservatioDS 
of this motion would throw on the figure and constittttion of the planet. 
Assuming that the planet was a symmetrical spherical body, Mr. Marth had 
shown, in the Astronomischen Nackrichten, No. 2280, that the nodes of the 
orbits of the satellites would have an annual motion, due to the Sun's action, 
amounting to O^'OG in the case of Phobos, the inner satellite, and to 0''24 
in the case of DeimoSy the outer satellite. If, then, the satellites of Mars pre- 
served a constant inclination to the orbit of Mars ^ as would be the case were 
the planet a symmetrical spherical body, from the difference in the rate of 
motion of their nodes, they would in course of time have their orbits very 
much inclined to one another. So much so, that though at present the two 
satellites move in nearly the same plane, the plane coinciding with the plane 
of the equator of Mars, yet a thousand years hence they would move in 
orbits whose planes were inclined to each other by an angle of nearly 4Si'- 
Professor Adams draws attention to the fact that, if the planet Mars be not 
spherical but spheroidal, like our Earth, the effect of this deviation from a 
sphere would be to tend to make the satellites move in orbits very nearly 
coincident with the plane of the equator of Mars, and in this case the planes 
of the orbits of the satellite would jJways be nearly coincident, as they are 
known to be at present. As Laplace has shown, if the motion of the node 
due to the effect of the ellipticity of the planet be much greater than that 
due to the action of the Sun, the orbit of the satellites will always nearly 
coincide with the plane of the equator of the planet. Professor Adams now 
shows that, even if the planet be supposed to be only very slightly spheroidal, 
the effect of the ellipticity will very much exceed that of the Sun, so that the 
satellites will always move in orbits but slightly inclined to the plane of the 
equator of the planet. Now the effect of the ellipticity of the planet cannot 
be well determined from the motion of the node, because, owing to the 
slight inclination of the orbits, it will be difficult to accurately determine 
the motion of the nodes from observation. But the orbits of both satel- 
lites seem to be sensibly eccentric, and it will not be difficult to determine from 
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■bon the motion of the apse or point where the ssIieUite npprrxu^hcs 
■ lo th6 planet ; and from this motion it wiU be poBaihle to BccuratelT 
ine the ellipticitj of the planet, and in this m«iir)t>r from the observed 
ion at the orbit of the Bat«Uit«, ascertain with accuracy the portion 
iquator of Mart and the %ure o( the planet. It is unnecesi^ry to 
Bt the groat interest attachintir ^ t^^ exact det^nmnation of the 

of the equator, and consequently of the poles, of Mori. There i« 
aeoD to believe from observation that the white poLv caps of the 
which are generaJly held to be due to the presence of arctic ice and 
V not concentrically situatod round the poles of the planet. It would 
taterial light on the pbydcal conetitution of the planet if this point 
flnitely settled. 

Secular Accdemtion of the Mean Motion of the Moon. — The prndual 
ng of the motion of the Moon in its revolution around the Earth has 
n one of the most interesting points in the theory of the solar 
The compajiKin of the places assigned to the Moon by theory and 
ion seems to ebow that the observed acceleration is mtitdi grentfr 
,t aeag^ed by theory. In consequence it has been supposed that a 
if the apparent acceleration may be really due to a slow retardation 
(alaon of the Earth from the friction of the tides of the ocean iH^ainst 
t of the Earth. Lately the researches of Professor Newcomb on the 
lervations of the Moon would seem to show that when the tables of 
PD are properly corrected, there is far less discordance between the 
i Kid theoretical values of the acceleration of the Moon's motion 
B hitherto been supposed. Lately Mr, J. N. Stockwell, in the 
n Journal of Science, November, 1879, has drawn attention to a 
^n of a eecalar acceleration in the mean motion of the Moon. It has 
p kno-wn that the attraction of a spheroidal body like the Earth on 
: body like the Moon is slightiy different from that of a sphere of 
I mass, the attraction being greatest when the satellite is in the plane 
quator and smallest when in the plane passing through the polej. 

reason a satellite revolving around the Earth in an orbit inclined to 
(tor would more sloiver than if it were moving in an orlrit which 
inclined to the eqnator. It is known that at present the inclination 
nar orbit to the terrestrial equator is very slowly decreasing, and it 
Qieref ore, that the Moon is gradually quickening in its motion round 
b. Hitherto, however, it has been supposed that this acceleration 
(nail that it could not attain, even in the course of many centuries, 
Bount ■which could be detected by observation. According to Mr. 
B, this is not 80, as from his calculation he makes the acceleration 
t cause amount to (V'lSSl per century. The amount of the accelera- 
as as the square of the number of centuries, so that if this calcula- 
orrect, it will be necessary to alter, by nearly five minutes, the theo- 
tme of the occurrence of the famous early eclipses of the Moon 
lin Babylonia, and quoted by Ptoleray in his Almagest. 
Hc Flanttaiy Nebula. — On November 14, 1878, while the Rev, T. 
bb, F.H.A.S., tlie well-known astronomer, was sweeping the 
near the constf^llation Cygnus, with his 9|-inch reflector and a low- 
fe-piecB, he noticed an object resembling a 9th ma^tudo star, which 
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seemed to differ in appearance from similar stars. This led him to examine 
it with higher powers, when this object was seen to he not really a star, hut 
to show an ill-defined bright disc, about 4" in diameter, and of a bluish 
colour. When closely examined it seemed to be surrounded by a faintish 
glow. From Mr. Webb's description tliis object must have appeared similar 
to the planet Uranus when seen through a white, hazy mist. On referring 
to the star catalogue it was found to be the object observed as a star by 
Argelander during his survey of the Northern Heavens, and recorded by him 
as No. 4004 Zone + 41". Its place for the year 1880 is R.A. 21»» 2™-o Ded. 
+ 41" 45'-^. Mr. AVebb communicated an account of his observation to Dr. 
Copeland at Lord Lindsay's observatory at Dun Echt, in Aberdeenshire, 
who took the first opportimity of observing this object with the fine 15-inch 
refractor belonging to the observatory. According to Dr. Copeland this 
object is not quite circular, and has a sharp nucleus near its north preceding 
edge, and a faint diffusion of light on its opposite direction. It is, therefore, 
an exceptionally compact and bright planetary nebula. When examined 
with the spectroscope it gives three bright lines, one far brighter than the 
others, and these bright lines agree well in position with those found by 
D* Arrest to be generally given by nebulsB of this description. 

Solar Parallax from Meridian Observations of Mars. — In the ' Observa- 
tory,' for November, 1879, Mr. A. M. W. Downing, of the Royal Observa- 
tory, Greenwich, has calculated the value of the solar parallax which results 
from the meridian observations of Mars made in the summer of 1877 at the 
observatories at Leyden and at Melbourne. Comparisons were only made on 
days when Mars and the comparison stars were observed at Melbourne, 
either on the same day as at Leyden, or on the following day. Twenty- 
nine corresponding sets of observations were obtained, and from them the 
solar parallax was computed. The separate results range between 8"'65 and 
O'^'SO, and when properly combined, give as the final result : — 

Mean solar parallax = 8''-960 db 0"-051. 

* 

Mr. Downing remarks, ' In the light of recent researches on the subject, 

we must, I suppose, consider this value of the solar parallax to be too large ; 
it is, however, to be remarked that Professor Winnecke obtained the value 
8"*9C, and Mr. Stone that of 8"*94, from meridian observations of Mars in 
1862 ; and though Professor Newcomb's discussion gave the result 8"*855, 
still, as Mr. Stone has pointed out, the smaller value depends chiefly on the 
use of the Santiago observations, which he declares to be inadmissible. It 
appears, therefore, that from meridian observations of Mars we get a parallax 
of not less than 8"'9; and we are almost forced to the conclusion that there 
is something in the method, which persistently tends to give a large result ; if 
this be so it introduces another very perplexing element into resecurches on 
solar parallax.' 

On examining the separate results given by Mr. Downing, it would appear 
that there is some trace of systematic error in the observations or in tiieir 
reduction. Thus, as the result of the fourteen separate determinations deduced 
from observations made before opposition, we have a solar parallax of approxi- 
mately 9"*037, whilst as the result of the fifteen separate determinations 
deduced from observations made after opposition, we have a solar parallax of 
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only 8"'917. This (Kfference of 0"-120 is too large. Tha chief ohjection to 
this procese is great lial:dlity to systematic error, not oulj from per&oDalitj, 
but unless great care be taken, from errors in the correction for refraction, 
aa wen as in the aRsumed variation of the tabular error in declindtinn. In the 
absence of anj dettdla it i» impossible to an; how far the result obtained by 
Mr. Downing may be affected by sptematic errors of this nature. 

The Kov^nber Meteors.— la this year, as in the precedin|f years, the 
number of meteora belonging' to the great system of Leonids, which have 
been observed, have been very few. The meteor-ehower of November 12- 
14, is now reduced to the merest phantom of the great showers of the year 
1866 and immediately succeeding years. At the Royal Obaervutory, Oreen- 
vrich, the observation lasted for about four hours on each of the nigbta 
November 12, l-l, 14, tbe drcumstancea being very favourable, the night 
being clear and there being no moon. The number of meteors seen were 
only 13, 19, and 32, on each night respectively, and of these only 6, 9, and 
18, respectively belonged to the great system radiating from the eom.tellntion 
Leo. On November 12 and 13 watch was also kept by Mr. Oorder, at 
Wiittle, near Chelmsford; but only a very few Leonida were observed. 
Mr. W. F. Denning, of Bristol, also kept a close watch, with a similar result. 
Oq the 13th he observed a shurt, but very decided outburst of fineXeontiis; 
but it soon died away. Thb short shower consisted of eighteen fine meteors, 
Bwift, but some leaving vivid bright trains. At Bedford Mr. T. P. Gray 
kept watch with a very similar result. We shall hare to wait probably for 
years for another great display of these meteors. 

Jupiter, — During the past summer great interest has been manifested in 
observation of the planet Jupiter, mainly on account of the presence on tlie 
soutbem bright zone of a long, narrow, elliptical spot, of a dark reddish 
colour. This spot seems to have first attracted general notice in the early 
part of the summer of 1879, though there is some reason to believe that 
it was visible as a very faint object in the preceding year. During the early 
part of the year the spot seems to have been lighter in cobur than the great 
equatorial belt, which was brownish-red in hue. According to the measures 
of Messrs. GledhiU and Neisten, the spot was in south latitude 20° (Jovian), 
and in length covered about 33° of Jovian longitude. Its breadth was about 
6* of Jovian latitude. Later on both the red spot and the great equatorial 
belt appreciably deepened in tint, and the elliptical spot Ls generally described 
by observers as being of the same hue us the equatorial belt, only more iu- 
tense. During November it appeared to have slightly decreased in size, and 
to have moved a little nearer the equator. M. Neisten, of the Royal 
Observatory of Brussels, who has carefully watched the spot since June 25, 
1879, is of opinion that it is surrounded by a bright elhpticol ring, a ring 
brilliant white in hue, and much whiter than the bright zone on which the 
spot ia situated. Other observers have seen a dmilar appearance. Mr. John 
Brett is of opinion that this bright ring is probably merely due to the effect 
of contrast. The Rev. T. W. Webb has noticed of late a haziness in the 
appearance of this spot, and describes it as only a little redder than tbe cin- 
natnoD-coloured equatorial belt. He describes the spot as having somewhat 
the appearance of two tnfts of reddish wool toucliing each other. From 
comparisons which have been made, the conclusion bos been drawn that this 
KEW SERIES, VOL, IV. — NO. XIIL .Q 
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peculiar red spot is slowly moying around Jupiter — an interesting point 
which ought to be carefully investigated. 

Another feature, which has been very striMng during the last opposition 
of Jupiter, is the common occurrence of round or oval, bright white spots. 
So bright and circular have these objects been that they could eaoly be 
taken for satellites in transit. These spots have been long known to occur. 
Some time back Mr. Brett pointed out that they were bordered on one side 
by shades, as if they actually cast shadows. Of late, however, it has been 
noticed that these shadings occur on both sides of the spots, and even aU 
round, throwing them up, as it were, into relief. Under these circumstances, 
it is evident that these dusky borders cannot be shadows cast by the white 
spots, as supposed by Mr. Brett. Mr. Corder has concluded from his observa- 
tions that these white spots are moving much quicker than the great 
red spot, as he is of opinion that he has been able to see one of these spots 
gain half a revolution of the planet on the red spot during a period of only 
twenty days. 

Satellites of Mara, — The outer satellite of Mara, Deimos, was observed by 
Mr. A. Common, of Ealing, with his fine 37-inch reflector, on September 
2l8t, 1879, more than three weeks before it was anticipated it could h^ seen 
with even the great Washington Equatorial. Later Mr. Common succeeded 
in observing the inner satellite, Phohos ; and since then the two satellites 
of Mars have been regularly observed and measured at the Ealing Observa- 
tory. At Washington the outer satellite, Deimos, was seen on October lOth, 
the very day it was anticipated that it would come within reach of the great 
26-inch equatorial Since October 12 both satellites have been regidarly 
observed by Professor Asaph Hall, at Washington. A measure of the 
position of Leimos was also obtained by Mr. Maunder, with the 12}-inch 
equatorial of the Eoyal Observatory at Greenwich. Several observa- 
tions have also been obtained at the Paris Observatory. At Dun Echt 
Observatory, Aberdeen, Lord Lindsay saw the first satellite with the 
15-inch equatorial, but clouds prevented its being measured. Mr. Common 
ifl of opinion that any one who can see JEnceladus, the second satellite of 
Saturn, ought to be able to see with ease both satellites of Mars, if only the 
precaution be taken to hide the planet behind a bar. He is of opinion 
that the outer satellite, Deimos, is quite as bright as JEnceladus. Phobos, 
though harder to see from its proximity to the planet, is known to be far 
brighter than Deimos, probably as bright as Tethys, 

By comparing the observations of the two satellites with the ephemeris 
founded on the observations made during 1877, Professor Asaph Hall finds 
that Phohos comes to its elongation 44™*0 before the predicted times, the 
error in areocentric longitude of his ephemeris being + 34***3, so that the 
periodic time ought to be reduced by 1"*074, and would be 7**.39™ 13»-966. 
In the case of Deimos, the outer satellite, the error of the ephemeris is very 
small. This correction will bring the value of the mass of Mars derived from 
the inner satellite into better agreement with the mass of Mars as deter- 
mined from the motion of the outer satellite. 
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On the New Memfvt, Scandiam. — Cl&re has studied the propertiea of tl 
ne'w earth, Sctuidia, di»cov«Ted bj him a few weeks afUar Nikoo't iwiiouno 
nient, to -which we drew atteolioQ {Po}>. Ik. Eev., Oct. 1870, 424), ii _ " 
rule and yttTOtitBcite, The former mberaJ contwns O-OOB to 0'003, and t 
latter 0005 per cent of acandium. Scsndift has the formule 3c, O^ tl 
ammoninm- aaA potasdnm-scandium sulphates, as well as the oxalates a 
sete&itee, establishing this point. From some eight t<] ten^aimnes of scandia 
hy repeated decomposition of its nitmte, one gramme of a whit« earth was 
ribtuned. This was converted into a sulphate and calcined, when 1'461 
pramme gave 0'52fl3 gramme of scandia, which fields the number 44-91 
OS that of the atomic weight of scandium. If scandia be taken to be Sc O, 
llie result given above would point to 4-5-04 ae the molecular weight of 
\)n newly-found element, differing materially from 1U6'8^,. the uinimuin 
vnlue, as found by Nilson. Careful examination with the spectroscope, bj 
Thsyn, proved CUve'a scandia to be pure ; it is inferred, therefore, that in 
tbe fraSOS gramme of " Seandia,' on which Nil^on worked, there must have 
Wn only 0'043 gramme of the new oxide and eeven or eight times as much 

tTtlraUa. ClAve chooses 46 as representing mnist closely tlie atomic wt ight of 
Kudlmni Scandia, Sci Og, is a perfectly white, light powder, infusible, and 
iMmbliiig magnet Acids, even the strongest, attack the oxide only with 
difficulty; it is, however, more readily soluble than alumina, lu deiudty ia 
■iB. The hydrate, hke that of alumina, is white and bulky. It does not J 
iiWb carbonic add from the air, is iuwluble in an excess of amn 
pi'lash hydrate, and does not decompose ammonium chloride. Its salts ar» ■ 
^ulourlees, with an acriil, attringenl. taste, quite different from the otlier 
(J the metals of the yttrium group. The sulphate does not crystallize dis- 
luielly) the nitrate, oxalate, and aceta.te and formiate, on the other hand, form 
GTTlt^ The chloride gives no spectrum when heated in a.gas flame. l\a 
MlutiOB is precipitated by ammoniac and potassie hydrate, and the precipi- i 
We is not soluble in an excess of either reagent. Tartaric acid prevents th 
Fedptalion by ammoniac hydrate in the cold. Sodium carbonate gives a pre 
Hf^te soluble in excess of the reagent. Sulphuretted hydrogen^ gives m 
pwcipitate ; ammonium sulphide throws down the hydrate ; sodium phos- 
Jililfl gives B gelatinous precipitate ; oxalic acid gives a curdy preripitala 
''iiich soon becomes crystalline. Sodium, hyposulphite and sodium acetate 
W once cause precipitates in boiling soliiii inN ; the precipitation, however, 
" IDcouiplete. The discovery of scandium U of peciUiar interest, from tlie 
^ IbBt its existence and properties were predicted by Mendelejeft, as a con- 
'B^tuuce of his law of periodicity, and called by him Ekabur. Tbe remark- 
>Ny dose correspondence between the properties of ekabor and those of . 
"Uffium is shown in Cifeve's paper, by printing them in parallel columns. I 
(Cimfl. Send., 1879, Ixiiix. 410.) 

oil Two A'enr Elenmts, Tbvlium and ffolmium.—Siooe the ytterbium 
"f Msrignac and tbe scandium of Nilson, both of which were discovered in 
I'^l'iii, give colourless salts, Clive endeavoiu^ to distinguish the substanoe 
^ tluB eurth -which givBB the ied colour and the beautiful absorption apectruio 
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to its salts, in order to ascertain if it was erbium itself. Employing the 
residues from which Nilson had separated ytterbia and scandia, he found 
it impossible to obtain a red oxide with a constant molecular weight, 
even after several hundred decompositions. Suspecting the presence of the 
unknown oxide he induced Thalen to examine the spectrum of what he 
regarded as the purest erbia, and to compare it with that of yttria 
and ytterbia. Certain absorption bands in the last fractions suggested that 
the colour of erbia is due to the presence of three oxides giying absorption 
spectra. The reddest of the fractions (RO molecular weight = 125-127) 
were united and submitted to a long series of decompositions, one fraction 
being treated for ytterbia, another for yttria, and a third, intermediate, con- 
taining the concentrated erbia. At the same time, he attempted to concen- 
trate the colouring matter in residues A, rich in ytterbia, and B in yttria. 
After pushing the treatment as far as posaible with the amount of material 
at his disposal, he handed over the five fractions to Thalen, who found bands 
common to all the fractions, and due probably to erbia. The following 
bands varied markedly from one fraction to another : — 

.Fraction A. 
Eztr. from Eztr. from 

Wa:re jtterbia Erbia, 

length. lesidae. 126-127. 

X 6480 strong quite strong 

y 6400-6425 fails or trace trace 

z 5360 fails fails or trace 

Hence x belongs to fractions situated near ytterbia, and does not exist in 
fractions from yttrium. But, on the other hand, y and z fail in the ytterbium 
residues, but grow more distinct as yttrium is approached. The ytterlift 
fractions gave a rose-colour with a tinge of violet ; the yttiia fractions had 
an orange tint. For the element coming between ytterbia and erbiay 
characterized by band x in the red of the spectrum, Cleve proposes the name 
of Thulium, from Thule, the ancient name of Scandinavia. The atomic 
weight, Tm, should be about 113 if its oxide be RO. Erbium proper, which 
has the common bands mentioned, has the atomic weight lioi-lll. Its 
oxide is of a light rose colour. The third metal, characterized by the y and 
z bands, and which is between erbia and terbia, should have an atomic w^ht 
below 108. Its oxide appears to be yellow. For it the name of Hdmiwn is 
proposed, derived from the Latin name of Stockholm, the environs of which 
are rich in yttria minerals. — {Compt, Bend, 1879, Ixxxix. 478.) 

Notes on the two new Elements announced hy Cleve, — Soret points out that 
he showed in the spring of 1878 that the two bands which characterize 
holmium do not belong to erbia, but to a new 'earth which he called 
provisionally X, and which is perhaps identical with philippium, since dis- 
covered by Delafootaine. Besides these two bands, Soret recognized three 
other absorption bands ; one less refrangible than A, a second overlapping 
the band of erbia in the indigo, and a third (faint) in the violet a little beyond 
h. In the ultra violet spectrum six absorption maxima exist between H 
and R. In samarskite the earth X is relatively to erbia much more abundant 
than in gadolinite. As to the red ray which characterizes thulium, Soret 
had already observed that also in some ytterbia products which had beei^ 
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ination b; Marignac. Lecoq de BoUbaudniD confiras 
Q regard to the red thulium ray, havinjr observed it in a 
mple of impure j^tria which he had received from the latter same muiitha 
a^. He ineliced to the lielief that all the Itanda were eauaed bv erbia, 
modified by the condilioiiB. But special experimeDts led him lo agree with 
Boret, and to accept the possibility that erbia was a miiture of three 
ayaAes.—(Compt. Send. 1879, Ixxxji. September.) 

Oxidation of Formic arid Oxalic Acid by Arnmonium-copptr o^e. — The 
oridftting action of this substance on azotired bodies has already been pointed 
t by Low, Cazeneave now finds that it has a similar action on formic 
I Vid osalic acid. At ordinary temperatures and at 100° no change occurs, if 
I the aubstances be heated togiether in closed tubes; at l.W, however, both 
J are rapidly oxidized to carbonic acid : — 
CHjOj + 2 CaH,0j+2 NH»= CO,Tl3(NH,')s+Ou,0 + 2 n,0. 
C^O, + 2 CuHjf 1, + 4 NHi= 3 CO,n,(NHj)j + Cu,0 + H,0. 
le solutions be eubsequently exposed to the air, 'ixygeu is taken up and 
»Bai)onium-copper carbcmate is formed. 

COaH^"Nn,), + CujO + 0=00,Cu(NH,).j + CuH^Oj. 
I When the formic and oxalic acid are in largeeicese, the copper oxide is 
\ tfdoced to copper.— (-Bufl. Par. 1879, xxxii. 277.) 

Tile Praence of AlaoMal in Animal Tismei. — To dear up some points 

; on the investigationa of Schrader and Dusch, the following ciperi- 

I ffleais were tried by J. Bechamp (Compt.. Send. ISTii, Ixxxix, fir-'i). A 

I pMe of horsefleBb, weighing three Sdlog., was dipped in boiling wat«T for ten 

Ittumites, and placed in a dish on the 8th June, and closely covered up with a 

nlliicli Knen cloth. On the IGth July the flesh had become very foul and full 

I "f life, but the ah does not appear to have penetrated to the centre. Alcohol 

* tnounting to It's gramme was obtained, a part of which was burnt, the rest 

F <nidi2ed with chromic acid to aldehyde, and then to acetic add, the soda 

Bdt of which was prepared and identified. In addition to this, about ten 

(pummea of H)dinm acetate, butyrate, and salts of other higher acids, were 

oblflined. Another mass of horseflesh, weighing four kilog., waswmply left to 

itself for four days, and on subsequent treatment yielded alcohol as before, 

[_Wt in less quantity, as weil as acetic and butyric acid. The next question 

h suggested itself to the aathor was to determine whether alcohol forms 

i living organ. It bos been shown by A. Bechamp that 

cohol is a normal constituent of urine and milk ; the question hence arises 

a tissues. Freah alieep'a liver, immediately after 

mal was killed, contained alcohol; fresh and still warm sheep's brains 

wcontainedit, and in larger quantity than the liver; fresh and still warm 

"ock'g bruoa also contained it. These results show that the presence of 

a the tissues does not necessarily indicate poisoning. 
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GEOLOGY AND PALEONTOLOGY. 

Formation of Mountains, — M. de Lapparent has an excellent article on 
this subject in the Retme des Qitestions Scientijiques for July last. He points 
out that the changes of position, the elevation, and espedallj the folding, of 
strata observed in mountainous districts are due to energetic lateral com- 
pression. Elie de Beaumont taught that mountain-chains do not occupy the 
centres of continents and show synmietrical slopes on both sides, but that they 
are to be found near the sea, and have a precipitous slope on the side facing 
the sea, whilst the opposite side slopes gently away, forming the mass of 
the continent, and usually terminates in the opposite ocean by a line of low 
country. This view has been formulated as a law by several geologists, espe- 
cially in America, where the long line of the Rocky Mountains and the Andes 
furnish such a striking example in its support; and Professor Dana has 
added the following rider to it, that when two chains of elevations form the 
two shores of a continent, the one facing the largest ocean is the higher one. 
M. de Lapparent indicates that in order to apply these principles to the Old 
World mountains, and especially to those of Europe, it is necessary to force 
the facts a little, and hence he is led to the belief that while it is perfectly 
true that chains of mountains are always formed in the vicinity of the oceckn^ 
it is necessary, in order to understand their distribution, to consider "fclie 
geographical conditions that prevailed at the period of their formation. ~Bq 
sums up his views in the following formula : — * At the epoch when a chain of 
elevations has just attained its principal relief, it consists of two slopes of 
very unequal inclination, one of which, gently inclined, is connected with ih& 
continent, while the other, which is abrupt, directly faces the sea/ Thus th& 
Pyrenees, which are shown by geological evidence to have been elevateci 
after the formation of the Nummulitic and before that of the Miocene 
deposits, were united by a gradual slope towards the south with the Spaniflt*' 
continent, while the foot of the precijntous northern face was washed by th^ 
Miocene sea. The Alps date from the interval between Miocene and Pliocene^ 
times. To the north they joined on by a gentle slope to the plains of northern 
Germany, while towards Lombardy they formed a vertical wall, at the foot 
of which were deposited the sediments of the Sub-apennine sea. M. de 
Lapparent refers to other European chains, and then formulates the following 
general law : — ' A chain of mountains, at the moment of its formation, 
always occupies a littoral situation ; it does not depart from this afterwards, 
except when the continent is enlarged by new additions obeying the same 
law. If, therefore, at the present day, the Scandinavian moimtains on the 
one hand and the Cordillera of the Andes on the other, emerge directly from 
the depths of the ocean, this is because these two chains belong to the most 
recent formations which have been produced on the globe ; and geology, as is 
well known, fully justifies this conclusion.' 

From the consideration of the soundings which have been so rapdly 
accumulated of late years, M. de Lapparent arrives at the conclusion that the 
great depths of the sea, as a general rule, are the counterparts of the great 
elevations of the land, and lie directly at their base, and hence he concludes 
tb&t '&t the moment when the pio^e ot oii<^ oi the lines of relief of the 
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I surface bec^msB stronglj marked, this profile incluili>s nn abrupt 

, joining at its extremititia with two genUj-ittdined lines; uf the 

igles thud formed that wliich had ite apai outward constitutes the 

i a muuDtain-relief, wlulo the other forius the ridge of a marire 

Id thta way, at the moment vhan a great aboi«-linB is c<>n- 

. is marked on the one hand by a projecting chain, the origin of a 

and OD the other by a deep fosse, in which the aea collects : the 

r chain moreoyer may only wuerge in part.' These correlated 

la and depreauona are considered by M. de Liapparent to be due to 

in the comparatiTely thin crust of the earth caused by the con- 

of its fluid nucleus. M. de Lapparent'a article contttius many 

fremuka of interest to geotogists upon various matters moreor lees couneoted 

T explained by his Tiew of the origin of mountains, and it will well 

ri!|«j careful perusal. He summarizes his results as follows: — ' AD the in- 

F ^luaiitiss of the aurfsce of the globe have a ungle cause, -which is incessantly 

I, although it muat probably manifest itaelf only at intervals, namely, 

1 of the IJuid nucleus in losing its heat, whence proceeds, 

"f the solid envelope, the necessity of adapting itself continually to the new 

"fni imposed upon it by the conditions of its equilibrium. It is thus that, 

^'iice tlie earliest ages of the globe, the contiuents have been formed by 

iuccuBSTe additions, which gradually rendered theb contour mure and motu 

'^''Ujilicated, The surface of the sea has constantly diminished in eitout, 

""t it the same time its depth has constantly increased with the elevation of 

Hence have arisen those diverse physical conditions, in 

''^'hich the natural effects of latitude are complicated by a thousazid modili'- 

•^a-tioDs due to the nature of thesoil, to altitude, to exposure, to vicinity to, or 

'U^lance from, the sea. Thus oil those external condidons, the variety of 

'*"tich gives so great a charm to our globe, at the -name time that it is the 

7*Amt powerful of stimulants to human activity, are contained in their germ 

**• tie kw that we have laid down.' 

Chalk Ftmts. — At the last meeting of the Geological Society (December 
-^Qth), Dr. Wallich read a contribution towards the solution of that ipuettio 
^>e^ala, the origin and mode of formation of the flints which occur so abun- 
^lantly in certain parts of the Cretaceous series. Taking as the basis of his 
^^nclusions the fact brought to notice by him in 1S60, namely, that the 
^hole of the Prototoan life at the sea-bed is strictly limited to the immediate 
surface-layer of the muddy deposits, he pointed out in detail the successive 
stages of the fiint-formation, from the period when the chief portion of the 
tilicit of which they are composed was eliminated from the ocean-water by 
tlie deep-sea sponges, to the period when it became congoUdated in Uiyers or 
sheets conforming to the stratification of the Chalk, In relation to this 
subject the author claims to have sustained the following conelusiona : — 
1. That the silica of the flints is derived mainly from the sponge-beds and 
sponge-fields, which exirst in immense profusion over the areas occupied by 1 
the GloHgerine or calcareous ' ooze.' 2. That the deep-sea sponges, with J 
their environment of protoplasmic matter, constitute by far the most impor- 1 
tant and essential factors in the production and stratification of the flints. M 
3. That whereas nearly the whole of the carbonate of lime, derived partly m 
from Fortuninifera and other OTganisma that have lived and died at thel 
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bottom, and partly from sucli as have subsided to the bottom only aft< 
death, goes to build up the calcareous stratum ; nearly the whole of tl 
silica, whether derived from the deep-sea sponges or from surface Protozo 
goes to form the flints. 4. That the sponges are the only really importai 
contributors to the flint-formation that live and die at the sea-bed. 5. Thj 
the flints are just as much an organic product as the Chalk itself. 6. Th] 
the stratification of the flint is the immediate result of all sessile Protozos 
life being confined to the superficial layer of the muddy deposits. 7. Thj 
the substance which received the name of *■ BathyhiuSy and was declared 1 
be an independent living Moneron, is, in reality, sponge-protoplasm. 
That no valid lithclogical distinction exists between the Chalk and tl 
calcareous mud of the Atlantic; and pro tanto, therefore, the calcareoi 
mud may be, and in all probability is, ' a continuation of the Chalk-f ormatioi 

Bohemian Permian Amphibia. — A well-known Bohemian palseontologie 
Dr. Anton Fritsch, has commenced the publication of a monograph on tli 
fauna of the coal and limestone of Permian age, occurring in Bohemia. . 
most interesting assemblage of fossils has been discovered in these roci 
within the last ten years. It includes, at present, about forty-three specif 
of amphibians, thirty-three fishes, eleven arthropods, and an Anthracosia, ai 
many of the forms are exceedingly remarkable. They are being described i 
detidl and admirably figured by Dr. Fritsch, in the work JF*atma der Gaskoh 
und der Kalksteine der Bermformatvm BohmefM^ the first part of which hi 
quite recently appeared. In this the author gives an account of the ge« 
logical formation from which the remains described have been obtaine 
and other general information connected with the fossils, and then describ 
the species of Amphibia, preceding Ms descriptions with some generaliti< 
upon the group to which they belong. He refers all the forms noticed : 
his first part to Cope's Order Stegocephali, which comprises the Labyrinth 
dontia, Ganocephala, and Microsauria of other writers, and places the: 
under four genera, namely, BranchioaauruSf Sparodus, HylonomuSj ai 
Dawaonia, 

Branchio8auru8 resembles the Earth-salamanders in possessing gills, ai 
the author remarks that in their broad rounded head, short thick body, w- 
developed limbs, terminating in digits, and their rudder-like tails, they sa 
gest comparison with larval forms of the existing Urodela* Branchiosaur 
salamandroides attained a length of two and a half inches ; its skeleton w 
ossified early in life, the bones being completely defined in specimens only 
quarter of this length. The skin was dense and its impression is preserr 
in most of the specimens ; when highly magnified, ridges are seen upon 
constituting the first indications of scalea, which become more developed 
the lower surface of the body. The general form of the head is near 
semicircular; the maxillaries and premaxillaries carry numerous short point 
teeth ; the orbits are rather large, and in well-preserved examples shoi?^ 
circle of about fourteen sclerotic bones ; the lower jaw is attenuated in fro 
composed of three elements, — articular, angular, and dentary, the latter hav5 
about twenty teeth ; and on each side of the hinder part of the skull there i 
two branchial arches, which bear two rows of small, spheroidal bones, eB 
furnished with a curved spine. The trunk vertebrse are about twenty 
number, and all except the first bear ribs. The sacrum consists of a ai^ 
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Tertebra, and beyond this come about twenty-one CAudale, abo bearing 
Four other apeciea of Branchiotaunu are descried. 

Sparodus, of which two species (S. eaUdv* tknd iramdrm) are noticed, i> 
nearly allied to the genera /Jy/eiyrfmi and Batraehiderfteton. The skull is more 
vedge-shaped than in Bra-nMoaavrua : the vomer and the palatine bones 
hear numeroua teeth. The p^mus Hi/lonomaa h reix^ixed from xmnll 
portions of jaws, believed to indicate two species ; and allied to this genus is 
a new on?, which the author names Daumnia, after the diHtingui«bei] 
Cnnadian geoli^at and palieontologiHt who eatahlished the formur genus. — 
Ge^ytogKol Magadne, November, 1879. 

Coneretiffiis and Ivdagvma in Granite, — Mr. J. A. Phillips has com- 
municated to the Geological Society (November Ifl, IfTO) the results of hi^ 
investigations of the discordant patches often met with in granites. Thfw 
patches are sometimes angular, sometimes rounded, sometimes clearly defined, 
at others gmdually melting away into the surrounding mass, but generiJly 
finer in texture than the latter. The chemical and microeeopic ejtaminiilii'n 
of such patches in the granites of ComwaU, Shap Feli, Aberdeen, Peterhead, 
Fort WiUiam, and North-eastern Ireland, has led Mr. PhilUptt to distinptiish 
two ckssea of these inclusions, namely :— 1. Concretionary patchea, the result 
of the abnormal aggregation of the minerals constituting the granite itself, 
^Qer^y containing more plagioclaslic felspar, mica, or hornblende than the 
latter, and in all probability formed contemporaneously with the eoUdili- 
cation of the mass; and 2, Included fragments of schistose or slaty rocks, 
oft«n not very highly altered, caught up from the rock-masses through 
v^'liich the granite haa forced its way. In the discussion which ensued upon 
the reading of Mr. Phillipa' paper, Mr. G. W. Ormerod stated that the con- 
cretionary patches were to be seen on the eastern side of Dartmoor, where 
thej are generally of an oral form and are called 'mares' ^gs;' and 
E*>~ofes6or Ramsay remarked that line examples of them are visible on the 
steps of the Duke of "Vork'a Column. 

Brititk Secondary Coniatalre. — Mr. P. Herbert Carpenter has described 
«>efore the Geological Society (3rd December, 1879) seven new Comatididte 
**"oiD the Cretaceous and Ckilitic series of Southern England, and given some 
Mew facta respecting Olenotremit.et paradoaiii of Goldfuss from the Upper 
^-'lalk. This species is remarkable for the presence of certain chai'acfers which 
*W very conspicuous in the recent Antedon EtchridUU, and also in a new species 
dralged by the ChalUnger at Heard Island, in the South Atlantic, namely, 
toe presence of strong ribs on the inner wall of tha centrodorsal, Ave of 
^^hich, interradial in position, are much more prominent than the rest. So 
'ftr hb ig yet known, these features occur in no other recent Comalula, with 
the exception of one species from the South Pacific, in which there is a faint 
"OdicBJinn of such ribs; but they are all equaL Another Antedon species is 
"^Hcribed from the Chalk of Sussex. It differs from Antedon paradojrua in 
*''e absence of these ribs, and in the shaUownesa of the centrodorsal cavity. 

Two apeciea were described from the Gault of Folkestone, One is an 
■^^itedoa, with no special relationa to any recent forms. It might have lived 
*^ Well at a) as at SOO fathoms. But the other species is an Actinometra, 
T^'^asesaing certain characters only known to occur in species from quite shal- 
•"■W Water, 20 fathoms or less, in the Philippine Islanda and Malay Archi- 
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pelai^o. The centrodorsal is a flat plate, nearly on a level with the surface 
of the radials; or sometimes even below them, separated from them by clefts 
at its sides, and entirely devoid, not only of drrhi, but also of cirrhus-socketd. 
This condition is only an extreme stage of the metamorphosis of the centro- 
dorsal piece, which bears cirrhi for a time after its liberation from the larval 
stem ; but these cirrhi eventually disappear and their sockets become obli- 
terated. The Challenger collection contains a series of specimens of Act, Jukem^ 
from Torres Straits, which illustrate this point very completely ; and it is, 
therefore, of no small interest to find a fossil Comatula which shows one of 
the extreme stages of the metamorphosis. 

The large size of the three Antedon species from the Chalk and G^ult is 
very remarkable. Ant, paradoxus has a centrodorsal half as wide again as 
that of any recent form ; while Ant, E&chrichtii is the only recent species with 
a centrodorsal approaching the size of those of the other Chalk Antedon, and 
of that from the Gault. Act, Lov4ni, from the Gault, however, and the 
older ComatulsB, all had small calices like most recent species. An elegant 
centrodorsal {Ant, rotwndus) is described from the Haldon Greensand, and 
also two species from the Bradford Clay. One is an Antedon, the oldest 
known, with no special characters ; the other is an Actinometra, vnth a 
a centrodorsal essentially like those of species now living in shallow water ir^ 
the Philippines and Malay Archipelago. The oldest known Comatula, &33 
Actinometra from the Bath Oolite, has similar relations. 

Argillomis longipennis. — Some two years ago Professor Owen describe * 
before the Geological Society the humerus of a large bird from the Lond(^^ 
Clay of Sheppey, for which he proposed the above name (see FopiUar Scien^^ 
Review, New Series, Vol. ii., p. 106). He was inclined from the first "^ 
regard this bone as belonging to the wing of a large aquatic bird ; and t^Mi 

recent discovery of a portion of a bird's skull in the same deposit won 

seem to be confirmatory of Professor Owen's views. In this specimen, whi( 





was described by this Professor before the Geological Society, on the 6 
November, the lower jaw and the fore-part of the upper jaw are deficiei 
and the characters presented by it, like those of the humerus previous 
described, were said to approximate the fossil most nearly to the Albatr( 
among existing birds, although, like Odontopten/x, it differed from IHomed^^ 
and also from the Cormorant and the Totipalmates generally, in the absei 
of the basirostral external nares and of the supraorUtal gland-pits, 
present fossil differs from Odontopteryx in having the fore-part of the f ron_ 
broader and the upper tract of the bill less defined, as also in some otl 
characters ; but no comparison of the palatal structure can be made u] 
the existing specimens. In point of size, taking the Albatross as a tenxfe^ 
comparison, this skull may well have belonged to a bird with wings of ** 
extent indicated by the humerus already described ; and the resemblance 
the skull to that of the Albatross would also seem to be confirmatory of '^ 
specific collocation of the two specimens. The presence of four small 
or perforations on the only part of the alveolar border which appears tc^ 
uninjured, led the author to conjecture that the bird may have been de: 
gerous ; but this seems to be very uncertain. 
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Amblyganite.— The new mineral Bpecks, triploidite, descvilwd liy I 

and liana, ia shown by them, to be isoraorphous with wagDerite, and cbiselj- 

related in composition to triplit«. Theine three minerals have reepBctii'tlT tht^ 

formulEe (Mn, Fe) P,Ob + (Mn, Fo) (0 U),, Mg, P,Og + Mg F, and'cFe. 

Mn)a P, Og + (Fe, Mn) Fj. From a comparison of tlieao tonnixlte it Is 

afgutid that the relation between the minerals requires the aaaumption that 

the hydroiyl in triploidite m.uat ploy the same part aa the (iuorine in the 

other two. In a paper on the chemicitl composition of amblygonite, by 

Samael L. Penfleld {Amer. Jour. &., 1679, iriii. 296), the writer 

Kndeavoura to show that in ihia mineral also the hydroxyl ^oup is isomoi^ 

pilous with fluorine, and that in chemical composition the original ambly- 

ponite does not differ from tie American and Montebras varieties, which 

Inve been called hebronite. He aUo shows from the results of hi« ana- 

\^!, that a new and more simple formula titan any previously accepted 

must be taken to represent its compodtion. The specimens examined are 

fiiree from the Maine localities, from Branchville, Connecticut, two variutieii 

from Montebras, and one from Penig, Saiony, All the spedmens gave 

numliers approaching closely to the ratio 1 : i : 1 ; 1 ; hence he proposes the 

■^■"iie formula for ail varieties of the mineral. Des Cloizeaux, from a difference 
<*f optical characters made out by him, has divided the mineral into two 
species ; the original amblygonite, including the specimens for Penig, Saxony, 
"Id from Montebras, France; and a second species, for which he proposes 
*'■« name of montebraatfl, the hebrbnito of Von Kobell, including all the 
"ther localities. Owing to the close identity in chemical composition, it seems 
•■''at a alight variation in optical properties is hardly sufficient grouni for 
"'^^'idinp the mineral into two spedes ; and it is proposed that the old nnmo 
*** amblygonite should be retained, and that the varietiea be included ii 



■ PHYSICS. 

Photom^ric Sesearches on Coloured Flamet form tlie subject of an impor- 
^**it communication by M. Gouy to the Annaleg de Chimie et de Phynque. 
^■^ an introduction he gives a summary of what has been done in this depart- 
"*®nt since the work of Bouguer, in 1729. Ilia photometer — those of Kom- 
•^rijj of Foucault, and of Buosen, the double refraction instrument of Arago, 
*oat by polarised liglit of Beequerel — are adverted to, all of which are exdu- 
^*velj conlinBd to white light. The first prismatic photometer aeems due to 
-"1. Qouy, and a very similar inatrument to Vierordt. The latter consists of 
^ spectroscope with two continuous slits, the breadth of which can be varied 
"y means of e. micrometer screw. The spectra being adjusted to equal intea- 
^*'yj the screw gives the relative breadth of the slits, and, consequently, the 
*'<*Uiparative brightness of the sources of light. Monsieur Gouy has success- 
* uUy employed two photometers. The former acts by throwing on the slit 
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of a spectroscope the image of Babinet's compensator, arranged to give 
horizontal lines, and causing it to be traversed by two luminous pencils, rec- 
tangularly polarized, producing a spectrum marked with horizontal lines. 
Each pencil gives a separate system of lines, and the dark portions of one 
being superposed on the bright parts of the other, it is always possible, by 
varying the intensity of one light by a known quantity to extinguish the 
lines in one portion of the spectrum. The apparatus is arranged as follows : 
on the axis of the collimator are placed the following pieces, — An achromatic 
lens ; a NicoFs prism, with its principal axis horizontal ; a Babinet's com- 
pensator, of peculiar form ; an achromatized prism of Iceland spar ; a Nicol 
movable in graduated circle, and a lens. Between the last Nicol and the 
spar prism, the tube supports a lateral branch at a right angle, containing a 
total reflection prism and a lens. A flame is placed in front of this side branch, 
its rays pass through the prism as extraordinary, whereas the opposite occurs 
with flames placed in front of the movable Nicol. They thus give comple- 
mentary lines, either series of which can be varied in intensity at will. This 
instrument had the defect of requiring great intensity of light : and it has 
been materiaUy iniproved. 

The more recent form is that of a two-prism spectroscope, the second 
prism of which is movable round the centre of the table, and is attached to 
the arm bearing the telescope. Before the object-glass of the collimator is 
a flat mirror covering its upper half. On this are reflected the rays condng 
from a second collimator, so that if before the two collimator slits are placed 
two identical sources of homogeneous light, there will be seen the two images 
coincident in the focus of the observing telescope. There will^ therefore, be 
two semicircles of unequal brilliancy. To equalize them the second collimator 
has two Nicol's prisms in its axis, one fixed, the other movable : a slit is 
substituted for the eye-pece of the observing telescope. The coloured flame 
to be studied is placed before the first-named colliniator, and the standard 
flame before the second. 

A method of producing constant coloured flames by means of pulverized 
saline solutions, forming part of the necessary apparatus, is described at 
length. Observations follow on sodium flames; on the transparency of 
coloured flames, for their proper and for heterogeneous radiations ; on the 
density of metallic vapours, and on the reducing or oxydizing portions of 
solid conical masses of heated gas. 

Optical power of Spectroscopes. — Lord Eayleigh notes in the PMasophiced 
Magazine that as the power of a telescope is measured by the closeness of 
the double stars which it can resolve, so the power of a spectroscope ought 
to be measured by the closeness of the closest double lines in the spectrum 
which it is competent to resolve. In this sense it is possible for one instru- 
ment to be more powerful than a second in one part of the spectrum, while 
in another part the second instrument is more powerful than the first. The 
most striking cases of this inversion occur when one instrument is a 
diffraction- and the other a dispersion-spectroscope. If the instruments 
are of equal power in the yellow region, the former will be more powerful 
in the red and the latter in the green. That the resolving power of a 
prismatic spectroscope of given dispersive material is proportional to the 
total thickness used, without regard to the number, angles, or setting of the 
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ims, is B most, important — pprhapa the most important — propcisitiou in 
with thin subject. Hitherto), in doscriptiona of apectruat'opua, Iat 
''too much stress has been laid. upoD the amount of duperaiou producud 
bv the piiimis. But this element by it^lf tells nothiug as to the power of au 
iiL'trument. It h well known that by a Buffieiectly near approach to a 
grazing emei^nce the disper»iion of a prism of given thickneea may Im 
increased without limit, but there is no corresponding gain in rcsolving- 
power. So far as resolving-power ia concerned, it is a mattor of indifference 
whether dispersion be effected by the prisms or by the telescope. Two things 
only are necessary : first, to use a sufficient thicloieas ; secondly, to narrow 
the beam until it can be received by the pupil of the eye — or rather (since 
with full aperture the eye is not a perfect instrumenl), until its width is not 
third or one fourth of the dbmeter of the pupil. 
Dhpergion of Dark Seat^raiit, and Meaturemcid nf their JFave-lenfflhi, 
I, according to M. Mouton, first attempted by Uerschel, in ISOO; it 
been the subject of many researches, which may be divided into two 
The former, excluding all hypotheses aa to the natniv of the radia- 
tion, endeavours to determine dther the position of the heat>'maiimiuu, and 
its dependence on the material and thickness of the prism, or the laws of 
absorption and transmission proper to the different fatti of the spectrum. 
The Latter are so much more important as to need a chronological slietch, 
In 1818 Berard showed that solar beat is polarizBd by reflection, and uuder- 
poes double refraction. In 1834 Forbes discovered the action of tcurmaline 
and of bundles of mica ; Melloni and IJiot, the rotation by qusrti of the plane 
of polarization; Wartmann, that by magnetic force. In 1847, Fizeau and 
Foucault produced interference-phenomena by diffraction; and then added 
tbe coincidence in the light spectrum, and the continuation in the ultra-red 
of the bright and dark hands, obtained either by a crystal plate or by a 
perpendicular lamina of quurtu between two polarizers. The same year 
there appeared the researches of Knoblauch, Provostaye, and Besains, who 
established — (1.) That the two heat-pendls emerging from Iceland Spar are 
ipletely polarized : one in the principal aiis, the other at right angles to 
(2.) That polarized heat follows the laws of light. (3.) That the 
iationa of intensity, after reflection from glass nt different incidences, agree 
lith Freenel'a formula. (4.) That there is perfect resemblance between the 
phenomena of polarized light and heat when reflected from polished metals. 
Thej also measured accurately the rotation oE tbe plane of heat-polarization 
produced by a magnet. In IdOO they studied tbe polarizing action of glass 
bundles, and determined the rotatory power of turjieutine and augar solutions 
beat. M. Desains, by means uf bundles of rock-salt plates, was able 
polarize in definite quantity the rays of heat emanatiog from a source at 
rat 300° Cent., which fail to pass ijirougli gloss, finding them to be con- 
Fresnel's laws for gloss and light. M, Moutoii continues what 
he calls the ' graduation of tbe heat-spectroscope,' using a modification of 
M. Fizeau'e method: a plate of quartz, cut parallel to the axis, being placed 
between two parallel Nicol's prisms. The source of heat was a Bourbouze 
lamp, with a hood of platinum, heated to a white heat by means of gus and 
compressed air. This was placed in a neighbouring room, communicating 
with the other apparatus by means of a lens forming on inverted image at 
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fifty centim. where the slit was situated, the polarizing instruments heing 
between the lens and the slit, and consisting of a double refracting prism of 
spar with a central extraordinary image for analyser, and a large INicol for 
polarizer. The quartz plate was between these. The prisms of quartz were 
on the coupled principle already employed by MM. Gouy and Thollon (see 
above). Achromatic lenses were used for collimator and telescope, a linear 
thermopile being in the principal focus of the latter. Tables of results thus 
obtained lead to a fine curve, in which abscisses are wavd-lengths, and 
ordinates, values of (w'-n), or the difference of the indices, which are func- 
tions of the wave-lengths and of the substance of the plate. 

Harmcmic Ratios in the Spectra of Gases have been noted by Professor 
Johnstone Stoney for three of the hydrogen lines, and others by Soret and 
Lecoq de Boisbaudran. Mr. Arthur Schaster draws attention in Nature 
to a series which he has found in the Iron-spectrum, of which, however, he 
has only as yet examined a seventh part. He states them in a tabular form, 
giving in a first column the corrected wave-length, according to Angstrom ; 
in a second, a ratio expressed fractionally ; in a third, the effect of multi- 
plying the first column by the second; and in a fourth, the nearest observed 
value of other lines : the last colunm shows the difference between computed 
and observed values. 

A second table gives a set of iron-lines which can be arranged as Har- 
monics of a fundamental wave-length of ^ven magnitude. The differences 
are all small, never reaching an integer, and in one instance sinking to zero. 
He cannot yet say definitely whether all these coincidences are due to acci- 
dent. The true law of distribution, however, he thinks not to have been 
yet found, though harmonic ratios may take a secondary part in it. 

A Fresh Experimental Determination of the Velocity of lAgkt has been 
undertaken by Mr. Nicholson, of the U. S. Navy. He uses, in the main, the 
same apparatus as was employed by Foucault, namely, a revolving mirror and 
reflected image. But in Foucault's experiments the deflection was too small 
to be measured with the required accuracy. It amounted to only a fraction 
of a millimetre, whereas in these it exceeded 133 millimetres, being about 
two hundred times that obtained by Foucault. It could be easily increased. 
The distance between the mirrors was nearly 2000 feet, the radius or distance 
of the revolving mirror from the slit was about 30 feet, and the speed of the 
mirror about 266 revolutions per second. The deflection was measured 
within three or four hundredths of a millimetre in each observation, so that 
the result is probably correct in this respect to within a ten thousandth. A 
shed was erected at one end of the line, in one corner of which a heliostat 
reflected the sun's rays through the slit to the revolving mirror, and thence 
to the distant mirror. The shed was blackened inside. The revolving 
mirror consisted of a cast-iron frame, containing, between hardened steel 
points, an arbor carrying the mirror — a disc of plane glass about \\ in. diam., 
silvered on the hither side. A small turbine in a box on the same axis was 
rotated by the entrance of compressed air striking its vanes, and by the 
reaction of the same air in escaping. A disc above the mirror served to 
bring the centre of gravity into the axis of rotation, by means of a series of 
position-testings. It gave no sound when properly balanced, and needed only 
occasional lubrication. 
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The apparatus for measuring dpflectJon consisted of a slidfi-rest, cairyinfr 
an adjustible slit, and an achromatic eye-piece, with a nnpte silk fibre b its 
focus. A piece of plane gls*s at an angle of 4fi° is next the eye. The eye- 
pece "was moved till the fibre bisected the deflected image of the ^llt. 

To regulate and measure the speed of rotation, a tuning-forli, beRrinf; on 

one prong- a steel mirror, was employed. This was kept in vibration by 

means of electTicity. It was so placed that the light from the rerolring 

reflected to the piece of plane glass in the eye-piece and thence 

into the eye. When fork and revolving mirror are both at rest, the eye 

IS an image of the revolving mirror; when the fork vibrates tbisimafce 

drawn out into a band of light. When the mirror begins to revolve 

this band breaks up into a number of moving images of the mirror; and 

when finally the mirror makes aa many turns as the fork makes vibrations, 

B images are reduced to one which is stationary. Hence to make the 

■or Bxecate a given number of turns, it is only necessary to open the 

e, until the images of the revolving mirror come to rest. The electric 

was compared with a standard Ut S fork, the temperature being noted. 

a beats were counted for 60". 

The lens was 8 in, in diameter, not achromatic ; foens, 1.50 ft. The sla- 
■or was 7 in. in diameter, silvered on the front surface. The dis- 
tances between the various parts of the apparatus having been determined, 
flie helioatat and distant mirror were adjusted, and the electric fork connected 
■gainst the standard for 60". The revolving mirror was then started, and 
regulated until the image came to rest near the cross-hair. The screw was 
then turned until the fcross-hair bisected the deflected image of the slit. 
This was repeated until ten observatdons were taken, and then the tempera- 
ture was again taken, and the beat* noted. Usually five sets of observations 
vere taken morning and evening. 

The distance between the two mirrors was taken on au average of five 
ffieaaurements, and found to be 1986'23. The rate of vibration of the 
standard fork was found by allowing it to trace its record on the lamp- 
blacked cylinder of a chronoscope. time being pven by a sidereal break- 
fircuit chronometer and a Hidimkorff coil. 

The direction of rotation was nt first right-handed, and afterwards 
Wersed. 

The efiecta of the vortei of air about the mirrc 
epecd. To prevent bias in observation, readings 
"bjervers independently of each other. 

The result obtained for the velodlj of light, in vacuo, was 2ftf»'''28 
Wometres per second. Foucault's determination in C.G.S. units being 
^■BS X 10.30 or 298 kilometres per second. 



SesehpTnent o/ Oyttere, — According to the generally received opinion, 

" ^& oi the oyster are fertilized inside tiie aheU of the parent, within the 

fflautlB-carity of which the young are carried until they are provided with 
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shells of their own; thej leave the parent at a toleraUy advanced stage of 
development, and the period of their free existence is very short. Mr. W. 
K. Brooks states that in the American oysters things go on very differently. 
Finding that no young oysters were to be met with in the mantle-cayity of 
the parents, he tried artificial fertilization of ova taken from the ovaries, and 
was completely successful, — ^raising millions of young oysters, and tracing 
them through all their stages of development up to the time when they had 
acquired all the characteristics which Salensky, Lacaze-Duthiers, Mobicuf, 
and others, have figured and described in the young European oyster at the 
time it leaves its parent. On the other hand, he never found young oysters 
inside the mantle-cavity of an adult, although from the state of the ovaries 
the individuals examined were evidently engaged in spawning. Mr. Brooks 
gives the following statement of the general results of his investigation : — 

1. The oyster is practically unisexual; at the breeding season each in- 
dividual contains either eggs or spermatozoa exclusively. 

2. Segmentation of the egg takes place very rapidly. 

3. Segmentation is completed in about two hours and ^ves rise to 
a gastrula, with ectoderm, endoderm, digestive cavity, and blastopore, and a 
circlet of cilia or velum. At this stage of development, the embryos 
crowd to the surface of the water and form a dense layer, less than a quarter 
of an inch thick. 

4. The blastopore closes ; the endoderm separates entirely from the ecto- 
derm, and the two valves of the shell are formed, separate from eacb other, 
at the edges of the furrow formed by the closure of the blastopore. 

5. The digestive cavity enlarges and becomes ciliated, and the mouth 
pushes in as an invagination of the ectoderm at a point directly opposite that 
which the blastopore had occupied. The anus makes its appearance dose to 
the mouth. 

6. The embryos scatter to various depths, and swim by the action of the 
cilia of the velum. The shells grow down over the digestive tract and 
velum, and the embryo assumes a form so similar to various marine 
lamellibranch embryos which are captured by the dip-net at the sur- 
face of the ocean, that it is not possible to identify them as oysters without 
tracing them from the egg. The oldest ones that he succeeded in rearing in 
aquaria were exactly like the embryos of Cardium, as figured by Lov^n. 

7. The ovaries of oysters less than one and a half inch in length, and 
probably not more than one year old, fertilized with seminal fluid from, males 
of the same size, developed normally. 

An illustrated report on these highly important and interesting investiga- 
tions will appear shortly in the Eeport of the Maryland Fish Commission 
for 1879. — SiUimarCs Journal^ December, 1879, 



CHAMELEONS. 
Bt Vbofbsbob J. REAY GREENE, B.A., M.D., F.L.S, 




TN tbe system of nature Chamieleona unquestionably occupy 
a more conspicuous place than any other family of reptiles 
Uiiw living upon our globe. This family constitutes one of the 
ftree aub-ordera under which most Jerpetologists, following 
L Staiinius, arrange existing Lizarda. On no family of Craco- 
I dilians, Tortoiaes or Snakea can a like dignity be imposed.' The 
J structure of the Chamaeleona is, in many reapecta, veiy remark- 
able; their habits, especially those of the common species, are yet 
nitire striking. Not even the sloths are ao entirely adapted to 
'i'!Jd a purely arboreal life. Slower in movement Minn the 
''"''"toiaes, the common ChamEcleon is neverlheless gifted with 
'JPparatua for the pursuit iind capture of winged prey, which it 
nnally seizes with the moat unerring rapidity. Throughout 
'be whole animal kingdom no more notable adaptation of means 
'•^ end can be said to exist. Such means are at once activis and 
Pa8,>siye ; they are numerous and diverse. The long extensile 
'^'iriously- constructed tongue, the exceptionally mobile eyes with 
Jfieir manifold adjustmenta, the changing skin, the slender 
*'Qibs, specially modified for climbing, and the prehenaile tail, 
* On Buch questions, 09 to the systematic value of certain groups of 
r^ptilus, there ia more or lesa divergence of opinion. Thus AgasHiz would 
*^Vb sBparated the turtles, bs a aub-order, from tho remaining iiirtuise^, 
^nilat some have suggested a like Bepnration of tho faraiiy of peckiis fiiini 
., her lizards. But these viewH have not heen {renerally accepted. Apain, 
[. " tjphlopine aerpenta differ much in the atructura of their shiill iioL i-nly 
.'"'■'•a other lerpents hut from reptiles in general. Yet in the judyuiaiit of 
'^honn Mijller, who is here fiillowed by most modern anatoiniits, these 
.^^arkable snakes do not constitute a group of higher rank than that nf a 
.*^ily (Tjphlopiiiic). Among tortoise* and batrachians, also, very noiahle 
"fferences as to cranial structure may exist without being a.compKtiisd bj 
. "Tespondiog diversities, at all comparable in. extent oiaup.ir nt importanca, 
'' ilhw parts of tht'ir org.iiiization. Eitinctreptiles, such as Ii' 
^ eicluded from this comparison, 
Kew series, vol. IV. — KO. xm. 
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terminating a carcase unparalleled for meagrenese, are not the 
only parts of the ChamBcleon which demand attention. 

It ia true that a rank equal to that usually conferred on the 
ChamEeleonB might be awanled the singular Hatteria {Sphenodott 
or Rhynchocephdhm) of New Zealand, whose characters have 
been so well described by Dr. Giinther.* It, too, recedes from 
the typical lizards, while it approaches the crocoiiilians and' 
other reptiles. Its nearest affinities are less with recent sauriana 
than with certain long extinct members of its order. In so far 
as it is an aberrant, it is also, for the most part, a generalized 
lizard, resembling lower rather than higher forms. The Hatteria 
deceives us, for its outward aspect gives little clue to the solution 
of the riddle propounded by its deeper anatomical peculiarities. 
For this reason it was at first erroneously classed with the 
Iguanas, to some of which in habit it sufficiently approximates. 
But the ways of tlie Chamaileons, no less than those morpho- 
logical features which yield so much delight to the pure 
anatomist, are at once seen to be very exceptional and worthy 
of note by the ordinary observer. Thus, whether we consider 
their structure or their mode of life, these reptiles may fairly 
claim the isolated position commonly assigned them. 

Does the sub-order and family of Chamsleons include mora 
than one genus? The late Dr. John Edward Gray, who, during 
bis later years, would seem to have felt a passion for thf 
eubdii-ieion of old genera and the institution of new ones 
has endeavoured to establish no less than fourteen genera ir 
place of the one usually admitted. It ia difficult, if not im- 
possible, to agree with this author's estimates. His thirteen 
new genera rest on characters which are either paltry in them- 
selves, and perhaps not always of even specific importance, o~ 
taken from one sex only. Rightly to classify Chamnoleons, w-' 
need very extensive suites of specimens preserved in fluii" 
collected from as many localities as possible, and accompanie 
by the notes and drawings of intelligent travellers. 

A much more competent authority, Dr. Giinther, dii 
tinguished among living zoologists for his knowledge of th« 
species and genera of cold-blooded vertebrates, has lateT" 
proposed a new genus of Chamailcons, which we have no choL< 
but to admit for the present. This genus, Rhampholcon, contain 
one well-marked species {R. spectrm/t), whose strange charaote: 
are manifest at a glance (see PI. iii-. figs. I, 2). It is a small 
species, with an exceptionally short tail. The male has a totsl 
length of thirty-nine lines, the tail being thirteen ; the femala 
is thirty-five lines, wilh a tail nine lines in length. 

' The tail ia so short that it can serve as a prehensile organ 
* See Ma nuunoir ia the FhilotojiMcal Triimaeti«tt* for 
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in a Tery subordinata manner only. This defect !s compensatedj 
by the development of an additional sharp denticle at the inner 
base of each claw, and of a spine vertically projecting from the 
flexor side of each finger and toe, which must immensely 
strengthen the power of the animal for holding on to branches," • 
Dr. Gray's list.f published in 1864, enumerates thirty species 
of Chamieleons (or an average of two species to each of his 
genera). More than a dozen others have since been added. 

It is very necessary to note, in our study of the variations 
to which the species of Chama^leons are subject, the secondary 
sexual characters which they display more strikingly Ihan any 
other reptiles. Mr, Darwin,* in his account of selection in 
relation to sex, thus treats this division of his subject ; — 

' In the genua Chamseleon we come to the climax of dif- 
ferences between the sexes. The upper part of the skuU of the 
male C. bi/urcm, an inhabitant of Madagascar, is produced into 
two great, solid, bony projections, covei-ed with scales like the 
Test of the head ; and of this wonderful modification of structure 
the female exhibits only a rudiment. Again, in Chanweleon 
Oicenii from the West Coast of Africa, the male bears on his 
enout and forehead thrste curious horns, of which tho female 
has not a, trace [see PL iiL figs, 6, 7]. These horns consist of an 
excrescence of bone covered with a smooth sheath, forming 
part of the general integuments of the body, so that they are 
identical in structure with those of a bull, gnat, or other 
sheath-homed ruminant. Although the three horns differ so 
much in appearance from the two great prolongations of the 
skull in C. bifurcus, we can hardly doubt that they serve the 
same general purpose in the economy of these two animals. 
The first conjecture which will occur to every one in that ihey 
are used by the males for fighting together ; but Dr. Giinther, 
to whom I am indebted for the foregoing details, does not 
believe that such peaceable creatures would ever become pug- 
nacious. Hence we are driven to infer that these almost luou- 
atrous deviations of structure serve as masculine ornaments.' 

Here we may refer to Ford's beautiful figure g of CMelleri. 
The snout of C gallus, a small Madagascar species (PLiii. fig. 3), 
' has a long pointed, flexible appendage, which is covered with 
large soft tubercles.' In both these species the male only is 
known, as in the no less curious C. multhe, C. brecicornis, and 
globifer. \\ 

* Zoological Society'g Proceedings, 1874, p. 442 and PI. liii, 
t In his Catalogue of Usarde, puUi-bed in XriVi, onlj eighteen speciei 
Charnieleons arc mentioned. See P. Z. S,, 1^64, p. 405. 
J Bcscmt of Man, vol. ii. 1871, p. .^4. 
S P. Z. S., 1864, I'l. iixii. It accompaiiieB Dr. Gray'a Sevisi'm. 
II Cham(el«on8 from Midagascar, described and figured bj Dr. Giinther 
mP.?.a.,itsJ9,lNftL 
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Doubts as to the limits due to variation must check our 
statements touching the geographical distribution of the 
Chamseleons. We have not, hitherto, been able to reject many 
of the reputed species. Of others the precise range remains to 
be ascertained. Many seem local (confined to restricted areas). 

We know no good species which does not inhabit Mr. Sclater's 
Ethiopian region.* The common Chamseleon is foimd in Southern 
Africa, and is, moreover, the only well-ascertained idtra- 
Ethiopian species. The number of continental is about equal 
to that of insular species. But few species cross the equator, 
though the number of such species will probably be increased 
by the researches of future collectors. Certain it is that south 
of the equator Chamseleons are more numerous. 

Southern (extra-tropical) Africa has six species, besides 
C, vulgaris. Four are peculiar, C. ventralis and C, pumiltis from 
the Cape, C. namaquensu from Little Namaqualand, and C. me- 
lanocephaltis from Port fTatal. Two others, which occur at 
Port Natal, are also tropical, C, dilepis from Gaboon and 
(7. nasuttis from Madagascar. At least a dozen species, in 
addition to C. dilepis, belong to western tropical Africa. Fer- 
nando Po has two peculiar «pecies (C. BurchelKi and C, Owenii) 
and one common to it and Old Calabar. The other western 
species are continental. C. gracilis has the greatest meridional 
range, extending from Senegal to Angola. South of the equator 
we also find C, Capellii from Bengue'la and C. anchietcB from 
Mossamedes. On this side ^f Africa the species seem more 
numerous north of the equator. The Camaroons yield C, mon- 
tium (PL iii. figs. 4, 5) and Rhamphokonf the most aberrant of 
all the Chamaeleons. Lastly, C. Brookesii quits western Africa, 
reappearing in Madagascar ! 

From eastern tropical Africa we have four continental species, 
C, kevigatus from Khartoum, C, affinis from Abyssinia, C. Petersii 
from Mozambique, and C. Melleri, The first is, probably, further 
from the coast than any other tropical species. Of insular 
species, all south of the equator, twenty-one are peculiar, namely, 

from 

Madagascar 15 species. 

Madagascar and Bourbon ... . . . 3 „ 

Madagascar, Bourbon and Mauritius . . . 1 „ 

The Comoro Islands ...... . . , 1 „ 

The Seychelles 1 w 

Madagascar has a total of twenty-one species ; but two crr^f 
these are also continental. According to Bottger, Chamaeleo^cns 
make up one fourth of the saurian fauna of this island, wliicziii 
we know to be equally peculiar as to its mammals. Five n^ir 

* Not including Northern (extra-tropical) Africa, which, with part of 
Asia and Southern Europe, belongs to the Mediterranean sub-region. 
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speties of Cbamaeleons from Madagascar have been described l_ 
Dr. Giiuther since Bottger's eatimate was made. In no othei 
region ia the genus ChaniiEleoQ so conapicuously rcpreseiiU^. 
It is curious, if true, that the tropical Africatt mainland nearest 
to Madagascar should be poorer in Bpecies than the western 
coast. Is this due to its greater humidity,* or have we here to 
deal with an efEect of migration, as in the case of the singular 
reptilian faiina of Ihe Galapagos Islands ? t 

We find little or no mention of Charateleons frequenting . 
central Africa properly so callod. 

Omitting the Cape species and di^-iding the Ethiopian regioi 
by its principal mendian, that of 20° E. longitude, we find onh 
two species of Chania^leons which live on both sides of thl 
line. 

The limited distribution of the Chamteleons and the fac 
thirt none are known to be extinct * indicate the lateness of their' ' 
origin. Pliny has called Africa the land of wonders in a sentence 
approringly quoted by Linnteus. Profeeaor Owen, who cites 
'Q6 same passage, has shown that its reptilian fauna in past 
'imes was no loss wonderful than in the present. 



We now return to the common and famous species, which ' 
also enjoys by far tho widest range. It occurs in Spain 
'Andalusia), northern Africa, southern Africa, Asia Minor, the 
'fldian Peninsula and the northern parts of Ceylon. The 
j''"'tish Museum contains specimens said to have been broug'ht 
^m Singapore and even Japan. Its presence in Ceylon has 
I^ently been denied, but the rebutting evidence on this point 
j'" indisputable. The occurrence of the Chameleon in Sicily 
"88 been asserted, denied, and re-asserted. 

Does the common Chameleon (like C. Brookmi) belong to 
**le list of what Alphonse do Candolle has termed ' disjointed ' 
^ecies P Thus, we find it recorded from northern and southei 
i "Ut scarcely from intertropical) Africa. This alleged 
^^tion plainly suggests that of the many African species 
^ore may be varieties of this common form. Have we not here 
j-_ • For 'weat coast' rtad 'fast coast' io pariigiuph (27S) o( Sir John 
j^^i^chera article on ' Physical Geogrephj,' in the last edition of the 
"^'•ei/cAipirAJi Britataiica. 

"T See cliap. irii. of Darwin's Hat-araliisl'* Voj/age. 
X We do not forget the fossil found at Wyoming of which the follow 
^^^cunt has been published : — 

'Cbamblbo pbibtinus. Indicated by a Iowit jaw fragment c ^ 

"^lit teeth in a space of fire lines. In every respeot it agrees in character 
^^■th ihe correspOEdin^ part in living species of the genus.' 

"■ loteworthy a conclusion aa the eiistiuipE of Chamajleona in North 
le times must reet on i ,^r evideuce than thin pasenge 
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a case somewhat similar to that offered in botany by the Cedar 
of Lebanon, with its western and eastern outliers, the Atlantic 
Cedar and the Deodara f Again, Dr. Gray cites no localities 
intermediate between Asia Minor and Hindostan. The Chamse- 
leon of our childhood, from * Arabia's wilds/ as narrated in 
Merrick's poem, is not, according to Dr. Gray, the common 
form but a distinct species, C auratii^. Such questions should 
not be undecided. 

The ChamoDleon is often mentioned but little cared for by 
the vulgar, who regard the creature with the misplaced wonder 
of contented ignorance rather than with the intelligent curiosity 
which it deserves. It can hardly be called a favourite, though 
among the cold-blooded vertebrates there is no other animal so 
well fitted to be made a household pet. Our knowledge of its 
structure and actions is still far from complete, yet very many 
naturalists have studied it. A long list of essays specially 
devoted to its elucidation might easily be cited ; and many 
allusions are made to it in more general works, with titles 
which would scarcely lead us to expect such references. Twc^ 
lines of inquiry need to be followed up, that we may trace wheu^ 
remains to be ascertained of the Chamaeleon's nature and history^. 
First, its several parts, the eye only excepted, have not hitherbo 
been minutely analysed with those modem aids to resean^li 
which are now so accessible. In the second place, the functions 
of its muscular and nervous systems have never been duly 
investigated by competent physiologists, availing themselves of 
the resources of experimental methods.* Much might be learned 
in this way, even though we should curtail our studies from 
an unwillingness to subject the living animal to pain. There- 
fore, the life of the Chama)leon, as contemplated by men of 
science, still remains in many respects a mystery. j 

The Chamaeleon may from time to time be bought and kept 4 
in captivity. Care should be taken to supply it with plenty of 
flies, crickets or such other insects as can be had. (A fly-trap 
of honey or syrup may be used to save trouble.) It should bo 
lodged in a properly ventilated glass case, some thirty inches ifl 
length breadth and height, furnished with a suitably branched 
shrub or fragment of a tree. A warm temperature should b^ < 
maintained about it. Lastly, it should be allowed to relievo ' 
its thirst. The necessity of so doing is well shown by Brehaajf 
who carefully studied Chamseleons when residing in Alexandria* 
He procured during the summer a large number of healthT- 
specimens, more than a third of whom died after a fortniriiini 
captivity. The remaisder were very languid, of a dull xmuoonii 

* Some use, it is true, hVV^- been made of these methods in the study of ^ 

the Chamsdleon's changes of cipS4r. J 

f See his TMerleben, seyem volume of second edition, 1878. I 
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grayish yellow colour, and careless of the food abundaiitl] 
supplied them. Brehra now tried the experiment of treBtina;" 
his pets to an artificial shower of rain. Like magic, they revived. 
Their skin reassumed its more vivid and changing tints ; they 
moved their sluggish limbs, going from leaf to leaf in quest of 
the grateful moisture, and, displaying with increased energy 
their insatiable greed for prey, soon appeared to be in better 
health than ever. 

Those who have seen ChaniEcleons in life would laugh at 
ua for attempting to describe their form. Those who cannot 
view the living animal will learn more from the excellent 
(though uneoloured) figiu-e of a group of Chamseleona in the 
work of Brehm than from any written description or even, wo 
miglit add, from the inspection of preserved specimens. We 
Uttst, however, say something which may induce our readers to 
Btiidv these animala more closely, and we make, therefore, the 
following attempt to represent the Chameleon's most character- 
istic features. 

, The head is large, compared with the rest of the body, and 

'ongh relatively short, is wide and very docp. In general 

" 1 it is angular, with a high occipital crest, from the raised 

apex of which a ridge-like wing descends on cither side, 

1 arches over each orbit, and finally stretches forward to 

3t its fellow just behind the rather blunt muzzle. The gape 
■ Tery wide, the under jaw capacious, Ths nostrils lie mr 
brwards, but are not very close. There are no external cars. 

The neck is short and stiff, appearing externally as little 
more than a fold between the head and the narrowed shoulders, 
from which the whole body slopes gradually backwards. 

The trunk proper, compressed laterally, is singularly lean, 
Md is sharpened along the middle line both of tne buck and 
belly, the ventral ridge being continued on the chin. 

The tail also is much compressed, but is roimded beneath, 
II. is prehensUe, and usually twisted round some support. It 
umstitutes more than half the total length of the animal, which 
is ubout ten inches. 

The slim nearly cylindrical limba, not swollen in any part 
iindjnuch longer than the trunk, remind us of those of Cassius 
or Don Gouzales Pacheco. They end in bunds and feet stouter 
liiau themselves, with their digits so arranged as to grasp 
securely the branches on which the animal rests. In each hand, 
(ho thumb, index and middle fingers, united by a membrane as 
kr as their nails, are directed inwards; while the two other 
fingers, likewise united, arc turned outwards. In each foot, 
tiie first and second toes are connected and turned inwards ; 
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they are opposed to the three outer toes^ connected in the same 
way. 

The Chamaeleon does not grovel like other reptiles. Its 
hips and shoulders are so disposed as to allow the limbs to 
sustain the trunk at a notable height above the branch which 
supports it. 

When not pursuing its prey the Chamaeleon maintains an 
almost corpse-like stillness. But its rapidly shifting eyes, 
moving independently of each other and often glancing in 
different directions, contribute much more than the creature's 
changes of colour to enhance the strange weirdness of its aspect. 
Nor is this effect lessened, when it begins to stir, by its very 
stealthy and deliberate movements. Having sufficiently near^ 
its prey, it pauses while it takes aim ; and the body in general 
is motionless as the tongue escapes from its mouth with incredible 
velocity. 

These strong contrasts of motion and rest, its painfully 
gaunt form unrelieved by any amount of gluttony, and its mar- 
vellous fitness to do the work of its life are the chief sources of 
our interest in the ChamsBleon. As a fly-catching machine it is 
perfect. What seem defects in its organization are truly the 
reverse. We repeat that the Chamseleon's feebleness, rightly 
understood, must be regarded as operating in its favour. If it 
moved its legs quicker, its eyes or its tongue slower, it could 
not secure its prey with such fatal accuracy. We have seen 
ten minutes elapse between the first sighting and the final 
capture of a large bluebottle-fly by a captive Chamaeleon. 
During this protracted interval, as the animal with persistent 
caution stole gradually upon its victim, alternately raising and 
putting down one leg after another, no doubt oi its ultimate^ 
success could be entertained. 

In Merrem's arrangement of lizards the Chamaeleons con— ^ 
stitute the group of Prendentia, on account of their grasping 
limbs. They are more frequently named Vermilingties oi 
Rhiptigloasiy from their peculiar tongue. 

The Chamseleon's skin is, for the most part, not scaly in 
ordinary sense, but rather soft and extensible. Small distinc 
tubercles of uniform size serve to strengthen it. The do 




ridge is minutely serrated. Along this and the ventral ridg i 

as well as on the head and limbs, the tubercles are closer, flatt^^j 
and more scale-like. 

The common use at all times of the word Chamaeleon "^ 
metaphor, its application by the ancients to certain plants frmnd 
by the modems to a well-known mineral, show that the chan^^s 
of colour to which it is sijibject have attracted much more 
attention than its other peculiarities. In this respect, howev<er^ 
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the Cham!Eleon enjoys a pre-eminence wliich it scarcely deserves. 
For many lizards and other animals possess the same property, 
if not in the same degree. We may mention more particularly 
the cuttlefishes among invertebrates, and among true fishes the 
Btictlebacka. A large number of similar instances might be 
cited. 

"We must here distinguish changes due to the presence of 
special pigment- cells, or ' chroma tojinores,' from diversities of 
colour depending on true variation, sex, age, seasons of the 
year (notably in animals which moult) and the more transient 
results of altered states of the circulation, as in blushing or the 
reverse. 

"WTien chromatophores are present they are affected by 
physical influences, such as light, heat, contact of foreign bodies, 
and other varying external conditions; they are also subservient 
to emotional cansea 

Chromatophores occur in several reptiles, batrachians, fishes, 
moUusks, crustaceans and insects. They are deep-seated tegu- 
mentary cells which contain a dark pigment. According as 
they approach or recede from the surface of the skin, they 
raodify the tints of the semi-transparent more external layers. 
But how is this movement effected P It is not tlie result of 
uHLScular action, as some have supposed, for the skin has no 
miiscles wliich can thus rearrange its pi^ment-cella. We hold 
'ie opinion of Leydig, who !s supported by von Siehold, that 
'iie chromatophores arc themselves capable of contraction. 
Tile contractile substance would seem to be situate chiefly in 
'heir outer portions. The pigment itself is not diffused hut 
J^i'anular. It has no inherent contractility, however it may he 
'disposed in relation to the true contractile substance.* 

That the nervous system governs the movements of the 
^chromatophores may be admitted. Bert, who Las made ex- 
periments on Chamajleona to settle this question, asserts the 
Presence of two distinct sets of nerves, byiv\tiich the alternating 
"Changes of the chromatophores are directly excited. He even 
assigns to these nerves their appropriate centres. But these 
Experiments should be repeated. Perhaps they prove too much, 
lor we need more positive evidence to disprove the hypothesis 
*liat the retrocession of the chromatophores is essentially a 
pnasive movement. 

The opposite sides of the same Chamicleon may be diflfer- 
Pntly coloured. Dead and sickly Chamselcons are paler than 
"there. So, likewise, are Cbamacleons kept in darkness. We 
canuot follow Bedriaga in his efforts to ascribe the dark tints 

* Ilaridnfi has made tha surpri-inEt statement that tlie peculiar pigment- 
li'iiT "' * Puttle-flah (Loligo vulgaris) nave a coloured wall enclosing- a cavity 
''^"d Willi soft contractile protoplastD. 
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(whether temporary or permaneiit) of these and other lizardg to 
the sole influence of light, acting directly on the deeper cells of 
the skin and causing them to assume a more superficial position. 
Leydig has sufficiently disposed of this explanation. Our space 
does not allow us to cite the details of his very interesting and 
convincing observations. 

All the actions of the Chamaeleon, except during the breeding 
season, tend to the procuring of food. The tongue is the pre- 
hensile organ used for this purpose. A ChamsDleon projecting 
its tongue may truly be designated the entelechy, or perfection^ 
of the living animaL 

When not thus employed, the tongue lies concealed in a 
special depression of the floor of the mouth. We must there- 
fore distinguish its retracted from its extended condition. 
Brehm rightly indicates a third, or intermediate, phase, in 
which the tongue, previous to being ejaculated, is loosened 
and pointed towards its prey. 

The tongue consists of two principal regions, a proximal and 
a distal. The former, or so-called * worm,' is exceedingly ex* 
tensile, but is much shortened in the retracted condition. Th^^ 
latter is terminal and club-shaped, preserving in its altemat^^ 
states nearly the same dimensions. Milne-Edwards distinguish^ ^ 
a basal division, behind the worm, which may rather be said 
consist of the hyoid muscles. These are very complicated, 
full technical description of them would be out of place in 
present paper. 

The worm is not inaptly so termed, whether we view it 
its retracted or extended state. In the former, it is much 
rugated transversely, and is about as long as the *club;' 
whole tongue having an average length of an inch and a ha.Xf - 
When fully stretched out, to an extent of some five inches, tl^ie 
worm is nearly smooth. A trifling fold still distinguishes i^ 
from the club, into which it passes by a gradual enlajgemexi.t. 

The club is bilobed, with an upper and a lower * lip.' Th© 
extremity of the latter projects in front of the tongue, and i^ 
ventral aspect is plainly more elevated than that of the clu-b 
lying behind it, from which it is marked off by an indentation- 
The upper lip, or * dome ' of Mr. Salter, is itself shaped like a 
tongue in miniature, having a raised dorsal surface, the gentJv 
narrowed hinder portion of which descends rather abruptly ^ 
join the club proper. From this part to its anterior end tt^ 
dome is more than haK as long as the club. The shallow fissure 
between the two lips is dilated into a funnel-shaped cleft l>y 
their separation when the tongue is thrown forwards. 

A glutinous secretion lubricates the club, which has minute 
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glands of its own. But other glands moisten tte tongue, as 
lies in the recesa of the lower jaw. 

The tongue is a tube, the axial cavity of which is occupied 
by a slender cartilage, the glosso-hyal or enlo-glossal, supporting 
nearly the whole length of the organ in its state of rest. The 
soft parts of the tongue consist of (1) epithelium; (2) pig- 
mentary and submucous tissue separated by loose interstitial 
connective tissue from a fibrous sheath, and (3) longitudinal 
muscles, besides ner^'ea glands and vessels. There is also an 
inner fibrous sheath with a smooth free surface, which glides 
over the glosso-hyal cartilage. The club has peculiar muscles, 
well described by Zaglas. The existence of minute smooth 
intrinsic muscles within the substance of the worm is still 
disputed. 

It is probable that four sets of muscles successively promote 
the extension of the tongue, namely, (1) certain of the hyoid 
miiscles, (2) the longitudinal muscles, (3) the smooth muscular 
fibres of the worm, and (4) the muscles of the club. Other 
hyoid muscles retract it. To the same muscles, however, dif- 
iprent uses have been assigned by different observers. It has 
even been conjectured that the extended condition should be 
re^rded as the more passive state of the organ. Others con- 
sider the protrusion of the tongue as a sort of erection ; but 
Bucli vascular turgeacence must here play quite a subordinate 
part. Nor can the mere elasticity of the sheath effect much. 
'^'^e cannot here discuss these diverse explanations. The whole 
subject demands fresh researches. As Milne -Ed wards has well 
Bail], the mechanism of this movement has not yet been explained 
'O a satisfactory manner. 

Though very carefully aimed, the tongue darts from the 
"louth as if its previous training thoroughly suited its own 
spontaneous energy, Perrault erroneously supposed that it was 
*^oug|ied out by air driven into it from the lungs, Bibron has 
STaphically compared its expulsion to the act of spitting. 
^ ^genstecher, on one occasion, saw a Chamasleon eject its tongue 
""'til 8uch force that the animal lost its hold in consequence, 
"itl tumbled off the tree on which it was resting. 

Trom the tongue of the Chamteleon we naturally pass to its 
'^T^B. For by these the prey is first perceived, and if we could 
^"^ce the intermediate changes which take place in the nervous 
system we should then he in a position to understand how the 
"j*»p[ie receives the orders to do its work. 

The eyes are relatively large. Each as a whole is nearly 
^pherical, the equatorial shghtly exceeding the axial diameter 
|^i_; 8 millimeters). But what may be termed the morpho- 
logical equator of the eye, corr'esponding to the border of the 
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sclerotic in front of the retina where the corpus ciliare aKmd 
ciliaiy muscle are placed, is of no great extent. It gentTlj 
rounds off into the region behind it, in a manner not c(^:xi- 
spicuous externally. The anterior portion of the eye is mc^:Te 
strongly prominent. 

The basal moiety of the sclerotic is exceptionally small. It 
is constituted by a round cartilaginous disc overlain by a lajrejr 
prolonged from the much larger fibrous portion. This aiac 
does not reach the optic nerve. The anterior zone of the fibroix/^ 
moiety, surrounding the lens, is strengthened by a ring o:^ 
peculiarly curved thin bony plates which are sunk in it^ 
substance. 

The choroid is very thin, but is notably thickened posteriorl]^^ 
throughout the region subtending the yellow spot. A som 
what conical projecting pecten, about a millimeter in depth, 
covers the place of entrance of the optic nerve. The corpus 
ciliare is broader than the iris and pupil taken together. The 
muscles of the iris are extensive, as in birds ; from the marginal 
sphincter fibres stretch backward towards the cilianr border, 
and behind these is a less powerful radial dilatator. The iris of 
the dead ChamsBleon is half as wide as the pupil. It lies in 
complete contact with the lens. Its brilliant anterior sur&ce 
hM a dark background. Insignificant prominences replace the 
ciliary processes, anterior t©> which occur exceedingly weak 
meridional flutings^ On the outer side of the corpus ciliare the 
ciliary muscle (tensor choriotdece of Briicke) arises from a con- 
spicuous lamina of connective tissue, which reflects light and 
serves to support the cornea. The relative diameter of the 
cornea is less than in any other vertebrates except the turtles 

The anterior chamber of the eye,, containing the aqueous 
humour, is remarkable for its slight depth. 

The lens, on the other hand,, is strongly convex. 

But of all parts of the eye the retina is most worthy of 
studj*^, because of its large yellow spot. This, the region of 3bf 
exact vision, occupies the hinder pole of the retinal concave, and ^WA 
displays a central pit surrounded by a far extending zone, ^^> 
throughout which the retina is much thicker and beautifully " ^^.y 
modified in its minute structure. - Especially modified is th< 
so-called percipient layer. 

The corresponding region of the human eye shows this lay< 
to be furnished in the fovea proper with cones only. The 
yellow spot around it has many cones and but few roas, whil^^ JI^ 
in the remainder of the retiri\a the rods greatly outnumber ih^^J^^o 
isolated cones. Of two equal Retinal areas that which has mor» 
numerous (and therefore more slender) cones permits moi 
precise visual discrimination. \Heiiirich Miiller dwells on 
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following points of difference between the perciijieut layer 
ihe ChaniEeleon and that of man. 

1. The Chamaileon has no rods, but cones only. 

S. The foveal cones in the Chameleon are remarkably 
thinner than in man. 

3. The (absolute) length of the foveal cones in the Cha- 

raa^leon, not nnth standing its smaller eyes, ia more 
conspicuous than in man. 

4. The difference in the diameter of the cones, both in the 

peripheral and central regions of the retina, is greater 
in the Chameeleon. 
S The reg;ion corresponding to the human yellow spot is 

more extensive in the ChamEeleon. 
On the Tvhole, sums up IT. Miiller, if we compare the human 
^ye with that of the ChamEeleoii, the reptile has altogether the 
"*! vantage. 

Outside the bulb of the eye, but within the large though 
^hallow orbit, the opiic nerve, which is here remarkably long, 
""altea a complex loop. It bends downwards, outwards, and 
"gain upwards (or even inwards, iu certain positions of the eye), 
P^'evious to its insertion, 

Hotractor muscles of the eye appear to be absent. 
There ia a large Ilartlerian gland at the anterior angle of 
^e eye, although the nictitating membrane is rudimentary. 
-'-te lachrymal gland ia small. 

The two eyelids of man are represented by one great circular 
^Urtain, drawn over neaT'ly the whole periphery of ihe protruding 
•^ulbus and circumscribing a small central oriKce. A bony 
t*l«te lies in the lower moiety of this lid. Beneath the skin of 
*iie lid, which resembles that of the general surface, ia spread 
^^ extensive orbicularis muscle. 

The free surface of the conjunctiva, very distinct from the 
^^joining lid, is also of unusual extent, reaching as far back as 
*Jie equalor of the bulb. The extraordinary mobility of the 
. liamasleon'a eyes, in which it far surpasses all other vertebrates, 
^ much aided by this arrangement, to which the curious cur- 
^**-ture of the long optic nerve also contributes. 

Thus, whether we consider the eye itself or its appendages, 
?T*i have to do with an apparatus which is without parallel in 
^*ie animal kingdom. 

^ The male of the common Chamaeleon differs but slightly 
**'om the female. He is known by his occipital crest, which is 
*<"-*nger and higher, and by the =horter fold occupying the region 
"^f the neck. 

The female lays a heap of sphieroicL' eggs, grayish-white in 
*-*-^it, with calcareous, very porous shells. Oviposition has been 
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observed only in captiyity. No one seems to have witnessed 
the hatcliing of the egg^, or to have determined the period of 
incubation. Brehm found that many females, 'even the 
strongest and healthiest/ die before or soon -after the breeding 
season is over. He gives an interesting extract from Yallisnen, 
who noticed that one of his captive Chamseleons was for some 
days restless on her perch. Thence she slowly descended, 
moved about for a while, and at length paused in a comer of 
the floor of her box, which was covered with hard earth. In 
this she made a hole with one of her forepaws. For two days 
she worked, digging a pit about ten centimetres wide and 
fifteen deep. In this pit she now laid more than thirty eggs, 
and then, as she retired, pushed back the earth with her hind* 
feet, treating the heap of egg^ as cats do their dung. Finally, 
she covered the heap with straw, dried twigs, and withered 
leaves. 

That the Chamaeleon bears living young is often untruly 
said. It is well known that in many so-called viviparous 
reptiles the egg is detained in the oviduct and there devdoped. 
What is thus normal in these may possibly occur as a rare (or 
pathological) exception in the Ghamaeleon. But full proof is 
wanting. 



EXPLANATION OF PLATE IIL 
{AU thejigures are of the natural tize,) 

Fig. 1. JRhampholeon Bpeetrum, Giinther, from the Camaroon Mountains. 

Male. 
Fig. 2. The same. Female. 

Fig. 3. Chamaleon gaUus, Giinther, from Madagascar. Male. 
Fig. 4. Head of Male Chanueleon moniium, Giinther, from the Camaroon 

Mountains. 
Fig. 6. The same. Female. 

Fig. 6. Head of the Male Chamteleon Otoenn, from Fernando Po. 
Fig. 7. The same. Female. 
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By M. M. PATTISON MUIR, M.A., F.R.S.E. 



IN a paper publiBhed in this Jteriew (January 1878), I 
endeavoured shortly to summarize the more important 
differences between that system of chemistry «'hich waa 
founded on a so-called equivalent notation, and the modem, 
or atomic phase of the science. 

The general conclusion to which that summary led waa, 
that the old chemistry was empiric, whilst the new is scientific ; 
but, as was there remarked, empiricism precedes science : 
the natural development of empirical statements, and 
is not to be regarded as entirely a new departure. 

Believing, as I do, that the old and new chemi&try are 
itially opposed in their methods, I nevertheless am certain 
■t the germs, at least, of many of our modern chemical 
theories are to be found in the statements, and even in the 
'ij'potheses, of the workers of half a century since : and in the 
present paper I propose to trace, in a little detail, what I 
I'elieve to be a correct outline of the development of two of 
'lie more important theories of modern chemistry.* 

The chemical views most in vogue before the strictly 
niodern epoch, were founded more on considerations of the com- 
P*>8ition of compounds than on the actions of these compounds. 
■'J'Uttias introduced wider views by recalling the attention of 
'''lemiata to the fact that in order to frame even a tolerably 
'^J'niplete system of classification, an answer must be given to 
question, 'What does this substance do P' no less than to 



th, 



th, 



'© other question, 'Of what is this substance composed?' 



itot the older doctrine of 'Equi 



^ the modem hypothesi 
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But if we go back to tlie time before Lavoisier and hia 
associates, we find that tbe system then predominant in 
chemistry was founded almost entirely on the reactions, and 
but to a very small extent on the composition of chemical 
substances. 

Chemists then busied themselves continually with studying 
processes of chemical change ; only they contented themselves 
with qualitative knowledge, and hence their hypotheses were 
for the most part extremely vague and their facts disconnected. 

John Joachim Beccher, bom about 1630, seems to have 
been the first to weave together the scattered chemical facts 
and guesses into a consistent general theory, which was sub- 
sequently augmented and defined by Stahl (1660»-1734). 

Looking at the wonderful changes produced in substances 
by the action of chemical force, the question arose, what 
happens when a body undergoes chemical change P and as 
burning or combustion was perhaps the commonest of all 
chemical changes, the question became narrowed, and chemists 
eagerly sought for an answer to the query, 'What happens 
when a chemical substance bums?' 

In those days natural phenomena were referred to the 
presence of ' principles ' or * essences ' in the matter exhibiting 
the phenomena. A new principle was added to the list ; and 
the question was supposed to be solved by saying that com- 
bustible substances are characterized by richness in Phlogiston^ 
(Gr. Phlogizo = bum, or inflame), and that when they burn 
they lose this principle, so that the burnt substance, or calx, 
consists of the original substance minus Phlogiston. 

The Phlogisteans seem to have regarded their hypothetical 
principle as a modified form of fire, as fire confined in a 
material substance; but as they gave no definition of fire, 
beyond saying it was one of the four elements, it was scarcely 
to be expected that they should define Phlogiston. 

By restoring Phlogiston to the burnt substance, said the 
theory, the original matter is regenerated. Some substances, 
e.g,, charcoal, are especially rich in Phlogiston, and metallic 
calces may be converted into metals, i.e., may be imbumt, by 
heating them with charcoal. 

Thus the Phlogisteans regarded the phenomena which they 
studied in a purely qualitative manner : they asked only 
What does this or that substance do imder given conditions P 
not being aware that a full answer to this question can only 
be given, when the other question — How much of some given 
effect is produced by a given quantity of this body under stated 
conditions ? had been answered. 

The introduction and use of the balance carried the day in 
favour of those who opposed Phlogistic views. If a substance 
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loses Bomething when it bums it musl weigh leaa than before 
burning — as a fact it weighs more — therefore it has not lost 
but gained something. 

'Nay,' replied the Phlogistean, 'it has lost something, but 
the weight of this something can only be expressed by a 
negative quantity.' 

' But a something with such properties is an absurdity,' 
replied the opponent, ' therefore it has no existence, and there- 
fore your theory is utterly false.' 

The anti-Phlogistean triumphed, and the principle of levity 
was banished from chemical science. 

But the principle returned in a modified form. Lavoisier, 
who opposed the Beceherian theory of Phlogiston with signal 
success, himself propounded a theory of the constitution of 
solids, liquids, and gases, in which the ' subtle principle ' 
' cahric ' played an important part. Lavoisier regarded oxy- 
gen, as what he termed ' concrete oxygen ' plus a something — 
caloric ; indeed be appears to have looked on all substances in 
the concrete state as solids, and to have supposed that the 
addition of a certain quantity of caloric to these cauaed them 
to become liquids, whilst the addition of a further quantity of 
caloric produced gases. 

Thus chemists seemed obliged to imagine a something in 
addition to the gross or ponderable matter of which bodies 
are composed, in order to account for the properties of these 
bodies. As science has advanced she has been able to define 
what this something is, at least, she has defined it more clearly 
than the older workers could do. 

I have said as science has advanced sbo has definod the 
unknown something ; but it should bo remembered that that 
wonderful book, which contains — according to the greatest autho- 
rities — the germs of all our modem advances, was written sixty 
years before Lavoisier's time. Sixty ytars before the apparent 
overthrow of the theory of Phlogiston, Newton had laid the 
foundations of the science which was to reveal the true linea- 
ments of that Unknown whom the Phlogisteans ignorantly 
worshipped. 

We have learned to extend the meaning of the word thing — 
we speak of ' the power of doing work ' as a measurable and 
definite thing — although not as matter : and we know that 
when a body burns it loses a certain amount of this power of 
doing work, or, as it is more shortly put, of energy. 

As usual it is a question of words. The older workers 
coold not define Phlogiston ; we are able to define energy, and 
therefore, we can see clearly where tbey saw but darkly. 
Chemistry now acknowledges that the properties of a com- 
pound are not only detennined by the composition of the 
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matter of that compound, but by the amount of energy asso- 
ciated with that collocation of matter. She has been able to 
point out many instances of compounds composed of the same 
matter, but possessed of different amounts of energy, and, at 
the same time, of very different properties. And moreover, 
chemistry aided by physics, has concluded that the properties 
of a body ' are dependent on the variations of the energy of the 
body, and not on its total value,' and therefore that * it is un- 
necessary, even if it were possible, to form any estimate of the 
energy of the body in its standard state.' (1 quote from that 
remarkable little book of the late Professor Clerk Maxwell, 
Matter and Motion,) 

Whenever science made the advance from the vague con- 
ception of ' principles ' and * imponderable matter ' to the 
definite conception of ' mass,' * motion,' and * energy,' she was 
able to recognize the truth which lurked under the cumbersome 
and inexact nomenclature of the Phlogistean chemists. 

I have said that, as usual, the dispute between the Phlogis- 
teans and their opponents was proved to be a question of 
meaning of words : as usual, also, subsequent research showed 
that while both were wrong, both also were right. 

Composition is important, but composition is not all. The 
burnt body has properties differing from those of the unbumt 
body, because it has lost a certain amount of * the power of 
doing work ; ' but it has a less power of doing work because it 
is possessed of a structure different from that which it possessed 
before. Composition and properties, energy and structure, are 
closely connected : to determine the exact relations . existing 
between these, under stated conditions, is still the fundamental 
problem of chemical science. 

We can define Energy : the Phlogisteans could not define 
Phlogiston. But in the ethereal philosophy of the future will it 
not be said of the present workers in science that they could 
not define Ether, but even spoke of it at times as * not gross nor 
ponderable matter ? ' 

The theory of Phlogiston was continued and developed in 
the theory of Caloric : the theory of Caloric is vastly extended, 
simplified, and rendered definite in the theory of Energy : and 
the theory of Energy seems destined to be largely extended by 
the Ethereal theory now in its infancy. 

Mankind has until lately been content with space of three 
dimensions, but the bolder and more dashing spirits among the 
mathematicians have dared to look forward to a better world 
than this where they may revel in space of four dimensions. 
What a strange world must that be ! what a fearful place for 
a mathematical examination, when we remember that th^ 
inhabitants thereof — if there be inhabitants — may turxi 
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spherical hollow halla inside out without tearing or breaking 

AVhile we look forward to the future of science with hope, I 
think we ought not to look hack on the former workers without 
respect. 

But I must pass on to consider the second of the great 
theories which have paved the way ^or the doctrines of modern 
chemistry. The germ of the modem ideas of substitution, 
valency, atom-linking, &c,, is, I believe, to be found in the 
pure dualism of Berzelius, and moreover, the influence of the 
dualistic ideas of that great chemist seems to me easily trace- 
able in the essentially unitary system of modem chemistry. 
The chemistry of Lavoisier centred around the wonderful 
substance whose properties he so carefully studied. The 
teaching of the' great founder of modern chemistry waa satu- 
rated with ideas suggested by the study of oxygen. The 
compounds of oxygen were divided by Lavoisier into two 
groups, bases an4 acids : when these reacted chemically, a 
salt-— that is, a body made np of base and acid — was produced- 
Kerzeh"us developed these ideas until he had constructed a 
complete and beautiful theory, viewed in the light of which 
all eomjMunds were of analogous structure. Every chemical 
Bubatance was made up, according to the Swedish chemist, of 
two parts ; these parts might themselves be composed of simpler 
parts, or they might be truly elementary. The two parts of a 
compound were respectively endowed with positive and negative 
electricity. When two bodies combined the positive electricity 
in one neutralized the negative electricity in the other ; hence 
the phenomena of light and heat noticed in chemical com- 
bination. An element might contain an absolutely greater 
quantity of positive electricity than another and nevertheless 
belong to the electro -negative series of elements : thus sulphur 
and oxygen readily combine to form a substance which,, when 
dissolved in water, yields an acid. But oxygen and sulphur are 
both electro-negative elements. Berzelius supposed that sulphur 
contained a large quantity of both electricities, the negative 
predominating. When this element combined with oxygen, 
the positive electricity of the sulphur was supposed to be 
neutralized by the negative eleclricity of the oxygen, so that 
the negative electricity of the- sulphur was concentrated or 
rendered more apparent. The affinity between oxygen and 
silver is less than that between sidphur and oxygeu, because, 
Biiid Berzelius, silver contains mainly positive electricity, but a 
analler quantity than is found in sulphur. The product of the 
union of oxygen and sulphur, i.e., of oxygen with an electro- 
negative body, belongs to the class of acid oxides ; the product 
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of the imion of oxygen and silver, i.e., of oxygen with an electro- 
positive element, belongs to the class of basic oxide^. 

If this view of the composition of oxides were granted — ^and 
a most ingenious and plausible theory it was — ^why should we 
not proceed a step further and say that an acid acts so readily 
upon a base, because in the first, negative electricity predomi- 
nates, while the prevailing^electricity in the latter compound is 
positive ? 

And in further support of this view could it not be 
experimentally demonstrated that when a salt, such as sulphate 
of sodium, is decomposed by the electric current, the soda goes 
to the negative pole, whilst the sulphuric acid appears at the 
positive pole ? The experiment of decomposing a solution of 
sulphate of sodium was frequently performed, and the fact, 
that if the solution were coloured with litmus, that portion 
aroimd the negative pole retained its blue colour, whilst that 
around the positive pole became red, was regarded as con- 
clusive evidence of the duaUslic structure of the salt operated 
upon. 

But about the year 1834 Dumas told the chemical world 
that chlorine was capable of * laying hold of the hydrogen of 
certain bodies and replacing it atom for atom/ If this be so, 
said Berzelius, the compoimd formed must differ essentially 
from that from which it is derived. Chlorine is an electro- 
negative element, and if it enter into a compound in place of 
the electro-positive hydrogen, the original compound and the 
new compound can present no points of analogy. The theory 
seemed correct, but imfortxmately the chlorinated body did 
present very marked analogies with that from which it had 
been produced. Berzelius attempted many explanations, in- 
vented many new compound groups of atoms, which should 
be supposed to enter into the composition of the new bodies 
discovered by Dumas ; but his electro-chemical theory was 
doomed. It was gradually abandoned by most chemists, and 
the substitutionists carried the day. 

Berzelius had largely availed himself of certain facts, which 
showed that, in series oi reactions, it was sometimes possible for 
a group of dissimilar atoms to remain intact, to move about, so 
to speak, from one compound to another without falling to 
pieces. Reasoning on these facts, he constructed formulae for 
all compounds, which formulsB were made up of two parts, or 
radicles. The idea of compound radicles was thus closely 
associated with the dualistic theories of the Berzelian school. 
The new school, led by Dumas, finding dualism insufficient to 
explain many weighty facts, naturally waged war against the 
fundamental conception of compound radicles, but they were 
soon obliged to accept the essential truth of the theory which 
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they at first opposed. Liebig and Wohler'e reBcorch on oil of 
bitter abnonda led to the discovery of a number of compounds, 
exhibiting many general analogies, wbich could best be ex- 
plained by supposing the existence in each of a compound radicle, 
or group of atoms. When it became necessary oneo more to 
adopt the idea of compound radicles, the theory of substitution 
was found to be Btrengtbened, not weakened, thereby. Many 
reactions were made clear by supposing that an clement might 
be substituted by a group of elementary atoms, by a compound 
radicle. But in adopting the idea of compound radicles the 
substitutionist yet maintained that the chemical compound was 
a distinct whole, made up of parts he admitted, but, never- 
theless, having these parts so modified and merged in one 
another that tbe resultant acted as a homogeneous compound. 
Thus when the new school likened the ethers to tbe metallic 
oxides, they did not mean to assert that the molecule of ether 
was composed of two parts, ethyl and oxygen, held together by 
electiic bonds, and ready to part company without difficulty ; 
nor, in asserting that ether was one substance, and not a 
dualistic syslem, did they deny the existence of a structure 
within the molecule of ether. They admitted the existence of 
a closer relationship between the atoms of carbon and hydrogen 
constituting the group ethyl, than between these atoms and 
those of oxygen, and they generalized the reactions and analogies 
of ether, by saying that it might be regarded as sodium oxide 
in which both aodjum atoms had been substituted by two com- 
pound atoms of ethyl. Berzelius had himself likened the ethers 
lo oxide of potassium, and by doing this tbe great apostle of 
dualism had paved the way for the advance of the unitary 
theory. 

That portion of the dualistic doctrine which was embodied 
in the theory of compound radicles was adopted by the unitary 
schools, but adopted in a modified form : the effects of this 
modification were not long in making themselves felt. 

BerzeliuB, in his later works, had been ready to give a 
dualistic formula to any compound without stopping to inquire 
into the facts known about that compound : he had tended to 
forsake the only true scientific method, and to substitute the 
vagaries of his fancy for the facts of nature. The new school 
averred that ' compound radicle ' was an expression generalizing 
a class of facts ; that the reactions of bodies were most simply 
explained by supposing that when acted on by chemical force 
the little parts of these bodies behaved as having a definite 
structure ; and that therefore the formula of a given body might 
be written as containing diilerent compound radicles under 
different conditions. 

The fault of the old chemistry was that more attention was 
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paid to symmetrical formuleo than to reactions; the merit of 
the new consisted in bringing the student once more back to 
nature. 

And the appeal to nature was answered and answered 
abundantly. The new conception of compound radicles was 
rich in results; from it there was developed, — first, the 
theory of types, and subsequently the wider theory of valency, 
which has led to that of atom-linking, and these in their turn 
have reacted on the older and more fundamental notions of 
the science, and have given a new meaning to such terms as 
* chemical ' and ' mechanical actions,' * comtpounds ' and * mix- 
tures,' &c., while, at the same time, they point the way to the 
chemistry of the future when we shall have gained a definite 
conception of the inner mechanism of the molecule, and of the 
laws which regulate the combinations of molecules in groups, 
and the decompositions of molecules with subsequent forma- 
tions of new atomic systems. 

Let us shortly examine these ideas. If sodium be thrown 
on to water caustic soda is produced, a substance made up of 
hydrogen, oxygen, and the simple radicle sodium; by another 
reaction a substance can be obtained, consisting of hydrogen, 
oxygen, and the compound radicle nitryl, (NOg). These two 
bodies have analogous formulae, Na OH and (NOg) OH, they 
may both be regarded as derived from water, HHO, by the 
replacement of one-half of the hydrogen by a radicle ; in one 
case by Na, in the other by NOg. Again the whole of the 
hydrogen in water may be replaced by sodium, with production 
of the compound sodium oxide, NagO ; but in many of its 
reactions this compound is the analogue of common ether, 
which is also a compound of oxygen with a (compound) radicle 
Ethyly and has the formula (G^^^^, Now these substances, 
Na OH, (NO2) OH, NagO, and (C2H5)2 0, both on account of 
the methods by which they are produced, and because of their 
general reactions, may be classed together as derivatives of 
water, or may be said to belong to the water-type. Similarly, 
other types have been instituted^ and large groups of compounds 
have been brought into the same class as being all referable to 
one parent type. This step in advance is evidently an outcome 
of the theory of compoxmd radicles : without that conception a 
system of classification by types would have been impossible. 

But it was found that while such compound radicles as CgFg 
or NO2 were capable of replacing but one part by weight of 
hydrogen in water, other compound radicles, such as CO or 
CgH^, were capable of taking the place of two parts by weight 
of hydrogen. Comparing together these two sets of radicles, it 
might be said that C0=2 NOg or G^^—2 CgHg, so far as tlxe^ 
power of combining with hydrogen was concerned. Tkiis 
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conception of binding power being extended to the elements, 
and being deepened and widened by laborious experimental 

reaearehes, led to the general tbeory of valency, wbiuh iuoluded 
in itself tlie essential features of tbe older doctrine of equiva- 
lents.' 

Having thus gained the conception of a delinitc binding 
poTver as applicable to elementary atoms or groups of atoms, 
it followed, aa an almost necessary deduction, that tho smallest 
parts of chemical compounds which existed as distinct chemical 
entities, i.e., the molecules, must have a definite structure : that 
the parts (atoms) of the little systems must bo arranged in 
accordance with the valencies, or binding powers, of these 

Hence, given the number of atoms in a molecule, and the 
valency of each atom, it became possible to calculate tbe number 
of different arrangements of these atoms which could be pro- 
duced ; and careful experiment has often succeeded in preparing 
all the different, theoretically possible, compounds. The differ- 
ence of properties of such compounds, i.e., of compounds the 
molecules of which are constituted of the same number of the 
same atoms, but differently arranged, is attempted to be 
indicated in the 'structural' or 'rational' formula; of modem 
chemistry. 

Berzelius spoke of compounds composed of parts held 
together by mysterious bonds : tho idea survives in these 
structural fonnulte of to-day, only we are now able to 
define what we mean by the smallest part of a compound 
having a chemical existence, and we have gained certain 
generalizations which enable ua to trace with some degree of 
accuracy the relationships which exist between the inner parts 
of these smallest chemical wholes. We appear to be now fairly 
embarked in the prosecution of molecular dissection, and our 
chief guide is tbe theory of valency, itself a development of tbe 
dualistic chemistry. 

Each elementary atom, I have said, seems to have the power 
of directly binding to itself a maximum niimber of other atoms ; 
but it would further appear as if the groups of atoms thus pro- 
duced had also a certain binding power, but this more indefinite 
than the atomic binding power, and very variable under different 
physical conditions. This atomic binding power appears to have 
^ fixed maximum value, but not always to reach the maximum. 
^lat is the exact way in which the binding power or valency 

"le elementary atoms is influenced by definite changes in 
ical conditions ? This is one of the most important un- 
blved problems of general chemistry. 

Then, again, granting the existence of an inner structure to 
* Sae fonuer pa^er, Jan. 1378. 
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the molecule, fi^ranting tliat groups of atoms do exist in the 
molecular building, does the fact that in a certain reaction 
certain atoms are withdrawn as a group, prove that these 
existed in the form of the same group m the original molecule P 
In other words, do our structural formulas express the relative 
collocation of atoms within the molecule while the molecide is 
unacted on by extraneous force, or do they merely roughly 
represent the condition of things when the molecule is in a 
state of strain, because of the stress between its parts and those 
of another molecide, or molecules, brought within its sphere of 
action P Here is another question which can only be answered _ 
after much experimental evidence has been accumulated. Now^-^ 
these questions, I make bold to say, are the direct outcome of 
dualism of Berzelius, modified by the unitary chemistry oi 
Dumas and his followers. 

If we glance back on the development of the two theorie^^ 
the course of which I have endeavoured to outline, we find ths^^t 
both began with a purely qualitative study of reactions, bui^t 
that it was only when to this had been added the careful use ^n)f 
weights and measures, that any solid advance became possibl^^. 
Further, we find that the older theory was founded chiefly oi^ a 
study of reactions, whilst that which was broached after ffce 
time of Lavoisier was founded most largely on a study of 
composition. With the Phlogisteans function was of paxra- 
mount importance ; with the Dualists composition was ^IJ. 
The modern theories, which have been developed from these, 
have attempted, with varying success, to combine both con- 
siderations. And if we examine the latest advances of theo- 
retical chemistry we still find it at work on these two lines oi | 
advance. The composition of chemical compounds is studied 
by the majority of chemists ; but the general laws of action of 
chemical force itself have of late received most important 
elucidation. 

Again, if we look to the 'lines of advance along which 
dynamical science is working its way to imdermine, at least, 
the outworks of chemistry,' we can distinguish two, essentially 
the same, lines as were used by the two classes, whose theories 
I have dealt with in this paper. ' One is conducted by the help 
of the hypothesis that bodies consist of molecules in motioHj 
and it seeks to determine the structure of the molecules and tb^ 
nature of their motion from the phenomena of portions oX 
matter of sensible size. The other line of advance, that oi 
Thermodynamics, makes no hypothesis about the ultima^'tie 
structure of bodies, but deduces relations among observ^^ 
phenomena by means of two general principles, the conse^' 
vation of energy, and its tendency towards diffusion.* (CleX"-^ 
Maxwell. South Kensington Science Conferences, 1876, p. 145 -) 



B TH^ ""^^ CHEMISTRY, A DEVELOPMENT OF THE OLD. 13f 

I have thus sought to substantiate the claim of the new 
ctemistry to be a development of the old. I believe that if 
thia claim is granted, the conclusion to be drawn must be, not 
that the old is better, but that to return to that which is 
admittedly an early stage of development would be to misread 
all the teachings even of the old chemistry itself. 

One general lesson may surely be deduced from what has been 
said, and that is, the continuity of science. Science proceeds by 
gradual developments, each dependent on that which went 
before. She may frequently be obliged to review her past 
progress, and even, in the light of freshly acquired knowledge, 
lo alter what once appeared to he well-established general- 
izations. But if any generalization of science be founded on 
experimentally authenticatod facts, it always survives, although 
not necessarily in its commonly accepted form. The Phlogistic 
theory was absorbed in, not entirely contradicted by, the Caloric 
theory of Lavoisier, which in its turn was merged in the fuller 
iind more definite modern doctrine of Energy, The dualism of 
the Swedish school appeai'ed to be absolutely overthrown by 
tho followers of Dumas, but the theory has survived, and, 
modified to suit the conditions of its environment, forms one of 
the groimdworks of the chemistry of to-day. 

Ill examining the progress of Science, we see that she is not 
afraid to retrace her steps, and that she is able to retain and 
develop all that is probably true, whilst rejecting all that is 
proved to be false ; and when we learn that she does this, can 
vre hesitate to find in her history the ' promise and potency ' of - 
a mighty future ? 

Cum College, CAUB£ii>0£i 
I Febritarjf, 




122 



THE CLASSIFICATION OF THE TERTIARY 

DEPOSITS. 

By Pbof. JOHN W. JUDD, F.R.S., Skc. G.S., &c. 



THERE are probably few achievements of genius which will 
bear comparison with William Smith's famous discovery of 
the true order of succession among the British stratified rocks. 
Whether we regard the state of knowledge upon the subject at 
the time when he commenced his labours, or consider how few 
are the changes which have been introduced into his scheme of 
classification by the work of subsequent observers, we shall be 
equally convinced of the justice of his claim to rank as 'the 
Father of English Geology.' 

In his original table, drawn up in 1799, William Smith 
divided the British strata into twenty- three groups ; the highest 
being the Chalk and the lowest the Coal. And though in sub- 
sequent tables he introduced both older and younger formations 
than these, it is evident that the series of deposits of which the 
order of succession was perfectly made out by him, embraced 
only the strata from the Carboniferous to the Cretaceous rocks 
inclusive. Thus, in 1815, Smith grouped all beds below the 
Moimtain Limestone as Red Rhab, Dunstone, Killas, and Slate, 
while those above the Upper Chalk are classed in upward 
succession, as 1, Sand ; 2, Crag ; 3, Sand ; and 4, London Clay. 

It remained, therefore, for William Smith's successors to 
complete his work, by classifying, on the principles which 
he had laid down, the strata which are older than the Carbo- 
niferous and those which are younger than the Cretaceous. 
With respect to the former, the labours of Sedgwick, Mur- 
chison, and Lonsdale, left little to be desired, and the result of 
these labours was the establishment of the Cambrian, Silurian* 
and Devonian systems. The distinguished founders of the 
Palaeozoic classification followed William Smith's method of 
determining the order of succession among strata, which coB- 
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sisted in tracing the beds, as far as possible, by tbeir outcrops 
at tlie surface, and determining tbeir superposition in sections, 
falling back where these methods failed them on ' the identi- 
fication of the stnita by their organic remaina,' In the system 
of nomenclature which they adopted, however, the discoverera 
of the Palaeozoic succession introduced a noteworthy improve- 
ment on the method of their groat teacher. Instead of adopting 
nunies based on the accidental characters of the strata, such as 
' Lias,' ' Cornbrash,' and ' Gault,' they employed locul names, 
calling each larger or smaller group of beds after the place in 
which it was found most tj-pically developed, as the ' Aymestiy 
Limestone,' the ' Bala Fonnation,' and the ' Devonian System.' 
This method has been found bo convenient in practice, that 
similar local names have since been given by geologists to 
many of the divisions of the Secondary strata which had been 

i established by William Smith. 
It may, at first sight, appear that in classifying the strata 
shove the Chalk, geologiata onght to have followed the snme 
methods and adopted the same principles of notation as had 
proved so successful in dealing with the older deposits ; and it 
miat be admitted that such a course would have produced a 
nnifonnitv and simplicity in our scheme of geological nomen- 
clature which does not now exist. But a little consideration 
will convince us that these principles of classification and 
nomeDclature were not abandoned in the case of the Tertiary 
strata without good cause. 

The Tertiary deposits differ from those of Secondary and 
PaltEozoic age in several very important particulars. While the 
flldtt strata are always of marine and estuarine origin, the 
Tertiaries include lacustrine and terrestrial beds, often of great 
wicknesa. The cause of this difference is found in the fact 
lliat, while in the case of the Tertiary deposits, the sea-beds 
we, perhaps, only once been elevated into dry land since the 
Wb were accumnlated, in the case of the older formations they 
We been subjected to many successive subsidences and eleva- 
tona and from the denudation which took place during these 
"lovenienta only the deeper - water and more widely-spread 
*diments have been able to escape. It has been well remarked 
VMr. Darwin that 'nearly all our ancient formations, which 
ai* throughout the greater part of their thichness rich infoasils, 
we been formed during subsidence ; ' and it is well known to 
all geologists that as we go backwards in the geological series 
^e soon find that nearly all traces of terrestrial accumulations 
^ppear ; we next lose all relics of fluviatile and lacustrine 
deposits ; then we find littoral marine deposits becoming rarer 
wd rarer ; till at last, among the most ancient strata, we seldom 
^^ any but such as must haye been laid down in deep wat^t, 



^ 



lii^ 



ill 



iiiui* 
i 



124 POPULAR SCIENCE REVIEW. 

and are consequently spread over wide areas. Now while the 
methods of William Smith proved so successful when applied 
to the uniform and widely-spread deposits of older date, it W88 
soon foimd exceedingly difficidt, if not impossible, to tnu^e the 
order of superposition, and to represent on maps the outcrops 
of the inconstant patches of sand, clay, and shell-banks, which 
often make up the Tertiary formations. 

It is to the late Sir Charles Lyell that geologists are 
indebted for the suggestion of a method whereby the local 
and inconstant patches of Tertiary strata, which are scattered 
all over Europe, might be brought into comparison with one 
another and arranged in groups according to their relative 
ages. The discovery of this method of clasafying the Tertiary 
strata was an achievement only second in importance to William 
Smith's determination of the order of succession among the 
Secondary formations, and would, of itself, serve to place Lyell's 
name in the foremost rank among the founders of the science 
of Geology ; even apart from the claim which he derives from ■ 
his masterly exposition of the philosophy of the science con- 
tained in the immortal Principles of Oeology. 

The study of the Tertiary formations, as of so many other 
branches of Geology, was commenced in Italy. After the great 
discussions as to the true nature of fossils, which occupied the 
minds of the thinkers of that country during the seventeenth 
century, had been brought to an end by the general acceptance 
of the doctrine that fossils are not accidental simulacra, but actual 
relics of once living beings, many able naturalists turned their 
attention to the study of the rich series of fossils contained in 
the Subapennine strata. Soldani, Testa, Fortis, Cortesi, Spal- 
lanzani, and other Italian naturalists, all recognized the im- 
portant fact, that while some of the fossils found in the Sub- 
apennine strata are referable to forms still living in the 
Mediterranean, others are now only found in tropical seas, 
while others again have never been discovered among recent 
forms and are presumably extinct. 

At the commencement of the present century, the illustrious 
Italian geologist, Brocchi, had made a very extensive collection 
of the Subapennine fossils, and by a comparison of these with 
recent shells, he had arrived at the conclusion that more than 
one half of the Subapennine forms are still living in the 
Mediterranean, or in other seas, chiefly those of hotter climates. 
The labours of Brocchi were supplemented by those* of Bonelh, 
Guidotti, and Costa, who added greatly to our knowledge of 
the several Subapennine faunas. 

While this important work was being carried on in Italy, 
naturalists were not idle in other parts of Europe. Cuvier and 
Brongniart described the succession of strata in the Paris BasiB, 
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amarck discussed the cbaracters of the invertebrate fauna 
therein. In a catalogue of five hundred species of shells 
in the Paris Basin, Lamarck showed that only twenty 

be identified with living species. 

L England, Brander, as early as the year 17()6, had 
bed the beautiful fossil shells found at Barton Clifi^, in 
ishire, thoiifj'h without discussing their relation to living 
, In 1811 Parkinson described the Crag beds of Suffolk 
erlying the Ijondon Clay, and as containing numerous 
shells, of which a considerable proportion could be iden- 
with species now inhabiting the neighbouring seas, 
i the same time Webster was engaged in studying the 
try strata of the Isle of Wight and Hampshire, and in 
he established the general parallelism of these beds with 
described by Cuvier and Brongniart in the Paris Basin. 
1 1820 M- Constant Provost described the strata of the 
la Basin, the study of which had occupied his attention 
g four years, and annoimced, as his conclusion concerning 
age, that they are either younger than tbe beds of the 
iBasin or equivalent to the upper portion of them, 
1 the year 1825, De Easterot published an account of a 
Tertiary deposit which he had discovered in tlie basin of 
ironde and the district of the Landes in the south-wcat 
ance, and he described niore than three hundred species 
ills as occurring there. These, as he proved, differ, for the 
part, both from the shells of the Subapennine beds, and 
those of the Paris Basin. A little later, M, Desnoycra 
id that beds with a similar fauna to that collected by 
isterot about Bordeaux and Dax, are found at Touraine, 
9 valley of the Iioire, while Bonelli recognized the same 
in the hill of the Superga, near Turin, 
t the time when Lyell took up the investigation of the 
!t, the state of the problem was as follows. Three distinct 
ETertiary strata had been' discovered, I^rnt, the Subapen- 
)eds of Italy and the Crags of England, in which a majority 
1 shells were found to belong to living species. Secondly, 
iries of strata of the London, Paris, and Ilampshire Basins, 
ich only a very smJ^ll minority of the shells belong to 
[ species. Thii-dk/, thiP strata of the Landes, and the 
IB of Touraine (with w^hich those of the Vienna Basin 
f the Superga in Pfedmonfr' were identified), iu all of which 
tssils were in great part di^j'hict alike from those of the 
lennine beds, on the one ha* ^'^i "^"^ from those of the 
and London strata on the othei^'- 

ne other very important step J.a'i'd been taken by M. T>ca- 
B, who showed that in the vall'^'^y °^ *^^ Loire the beds of 
"fl distinctly overlie others co'^'^*'*"^S ^^^ ^^™° fossils asi 
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those of tlie Paris Basin. The Italian geologists had also proved 
that the beds of the Superga underlie ordinary Subapennine 
strata. Hence it became evident that the formations of the 
Faluns of south-western France, of the Superga, and of the 
Vienna Basin, are of younger age than those of the Paris, 
London, and Hampshire Basin, and of older date than those 
of the Subapennine hills of Italy and the Crags of England. 
It was Lyell who first recognized the remarkable significance 
which attaches to the fact that the faunas of these series of 
strata are found to contain gradually increasing numbers of 
living species as we pass upwards in the series. Brocchi had 
remarked upon the different results arrived at by Lamarck 
and himself in comparing the Paris and Subapennine shells 
respectively with those which are found living in the seas of 
the present day. But he suggested that the fact might be 
explained by the difference which undoubtedly exists between 
the testacca of the Mediterranean and those of the Atlantic 
Ocean. In 1831, when he completed the second volume of 
the Principles of Geology, Lyell had carefully considered th© 
question of the gradual extinction of old forms and their re- 
placement by new ones, although, as is well known, he felt 
himself unable to accept any of the theories, which, up to that 
time, had been suggested for the explanation of the latter class 
of facts. 

All who had the good fortune to know Lyell will recognise 
it as eminently characteristic of his earnest and truth-loving 
nature that he delayed the completion of his Principle of 
Oeology until he had been able to investigate personally the points 
at issue, so as to make his descriptions and reasonings as clear 
as was possible under the circumstances. In the early part ox 
1828 he had already begun to feel the difficulties which beset 
the classification of the Tertiary deposits, and he spent tho 
summer in examining the various districts of France and 
Northei n Italy ; and in the autumn and winter of the same yeftX" 
we find him busy with the corresponding strata in the soutii of 
Italy and in Sicily. In 1829, on his way back to England, h© ; 
revisited Piedmont and some of the French localities, and the \ 
summer of that year was devoted to the study of the English 
Crag beds. In the summer of ISdO the Tertiary deposits ox 
Catalonia, the Pyrenees, and the south of France, were visited 
by Lyell ; and on his return in the autumn, six weeks wer^ 
spent in studying the great collections of Tertiary fossil^ 
brought together by M. Doshayes in Paris. 

During these journeys' and studies Lyell became convince^ 
that the determination of \the proportion of living forms in tb-^ 
marine testaceous fauna ofl any deposit would enable us to ref^^ 
it approximately to its posi^tion in the geological series ; and i>^ 
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atteiiipting to put this eonclusion to the test, he availed Umself ■ 

of tte valuable assistance ■whicb so able a conchologist as H. 1 

Beshayes was nble to afford him. Lyell was so improsaed by 

the distinctness of the Sicilian strata, which contain scarcely 

any but living forms, from those of the Subapennine hills, in 

which only about one half of the species can be identified with 

living ones, that he had already determined, before discussing 

the matter with Deshayes, to divide the Tertiary strata into 

four groups. M. Deshaycs had, however, classed his sheila in 

conformity with the facts which had been already made out by 

geologists into the three groups which we have ab-eady indi- '' 

CJt«l. 

In the choice of names for the great divisions of Ihe 
Tertiary series, which he was thus led to establish, Lyell 
determined to indicate the methods by which his results had 
been arrived at. After consultation with Ur. Whewell, he 
proposed to call the oldest strata, in which Dcshayea' tables 
Bbowed only 42 forms out of 1238 to be still living (a pro- 
portion of three and a half per cent), the Eocene {ijWQ, dawn, 
and Kaivoe, recent), as the beds may be regarded as exhibiting 
the dawn of the existing fauna of our seas. In tbe second i 
group of Tertiaiy strata Ceshayes' tables showed 1021 species, I 
of which 17fi only were recent forms; while in the third group J 
it was found that more than one" half the forms could b© I 
identified as still living; hence Lyell colled the second group J 
Miocene (fitiuiv, minor, and kqu'oc, recent), as possessing { 
minority of living forms, and the third, the Pliocene (n-Xet&iw, 
major, and Kotvo?, recent), aa yielding a majority of living i 
ipecies. In his original classification Lyell was contented to 1 
eniploy these three terms only, dividing the Pliocene into Older 
md Newer. In 1839 he erected the Newer Pliocene into a 
fclinet system, in accordance with his original views, giving 
It the name of Pleistocene (wXciffroc, most, and xaivog, recent) ; 
but as Edward Forbes and other writers employed this term in 
» sense quite distinct from that proposed by its author, and as ■ 
lynonymous with Post-Pliocene, its use, as indicating a division I 
ofthe Tertiariea, was formally abandoned by Lyell. I 

This nomenclature of the Tertiary strata which was proposed I 
hj Lyell has been frequently criticized, and is certainly open i 
to the objection that it differs in its principles from that em- '. 
ployed in the case of the older rocks. Hence terms have been 
proposed by various authors as synonymous with Lyell's name's, 
vhich, like the names of the older rocks, indicate their character- 
istic features or are derived from the localities in which they are 
t^st developed. Thus some geologists prefer to call the Eocene. J 
llie Nuinraulilic system, the Miocene the Fahmian systerai,.* 
wd the Pliocene the Subapennine system. But, on the othn 
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hand, it must be admitted that the Lyellian nomenclature has 
now acquired such general, and indeed almost uniyersal, cur- 
rency, that a change of names, which has no other object than 
the attainment of an impossible uniformity, is greaUy to be 
deprecated. And there is, moreover, much to be said in favour 
of Lyell's names, not only on the ground of priority, but from 
the fact that they indicate the principles on which Lyell's 
classification is based, and serve as a monument — ^the best 
possible monument, indeed — of the great advance in systematic 
geolpgy which resulted from his labours. 

The value of the Lyellian method of classification is 
illustrated by the fact that in the third volume of the Principles 
its author was able to bring into more or less exact correlation 
the numerous and widely scattered Tertiary deposits which had 
been detected in various parts of the Continent. Since 1833> 
when this work appeared, Lyell's broad general outlines of the 
succession of events during the Tertiary epoch have been filled 
up in great detail by the labours of Prestwich, Constant 
Provost, Hubert, Dumont, Sandberger, Beyrich, Homes, Fuchs, 
Heer, Carl Meyer, and other investigators; and in the applica- 
tion of Lyell's method, its capabilities, and also its imperfections 
and shortcomings, have been brought to light by the test of 
practical experience. It will be instructive to notice the re- 
spects in which the Lyellian method, after being tried, has 
been found wanting. 

First among these, we may notice the circumstance that, as 
the acquaintance of geologists with the Tertiary formations has 
become more and more extended, deposits have come under 
their notice which it has been f oimd difficult to refer to either of 
Lyell's divisions, and which prove to constitute transitional 
formations linking two of them together. Thus the geologists 
of South Germany have shown that in the Vienna Basin the 
Miocene strata graduate so imperceptibly into the Pliocene, 
that they have been led to unite these two divisions, and call them 
the ' Neogene.' But this class of objection cannot be regarded 
as especially applying to Lyell's classification, for it is certain, 
from the very nature of the case, that whatever grouping of 
strata we may choose to adopt, certain deposits must be found 
which refuse to accommodate themselves to the artificial systenx* 

A more serious objection to Ly ell's classification is based oi* 
the fact that at the period when he devised it, geologists wer© 
not acquainted with all the great representative faunas of tlx^ 
Tertiary epoch, and that since his time very important deposit^^ 
have been discovered which cannot be referred to either o^ 
Lyell's groups. The great brown-coal deposits of Norther"^ 
Germany, which are now known* to, be of the age of the Engli^^ 
Barton Clay, the highest member 6f the Eocene, are reach^^ 
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by shafta, which penetrate a great thickness of drift-sai 
gravel, and clay. Immediately overlying the browu-coal, b 
containing marine shells were found at many pointa by the 
German geologists ; and these fossils, when carefully studied, 
were found to differ so greatly from those of the Eocene on the 
one hand, and the Miocene on the other, that it was difficult to 
refer the beds containing them to either of Lyell'a divisions. 

At the same time, the researches of Nyat and Dumont in 
Belgium, and of Sandberger in the Mayence Basin, made geolo- 
gists acquainted with other deposits containing a fauna similar to 
that found in the North German beds, and, like it, distinct from 
the faunas of both the Miocene and the Eocene. 

Somewhat later, the execution of certain new railway works 
near Paris enabled MM, Il^bcrt and Kaulin to make a careful 
study of the fauna of the Fontainebleau Sands, which had 
hitherto remained almost unknown. And in these beds were 
found assemblages of fossils agreeing very closely with those 
of the North German and Belgian localities, but differing, like 
them, from the faunas both of the Eocene and Miocene deposits. 
Lastly, the construction of a branch of the South- Western 
Railway through the New Forest in Hampshire led to the 
exposure, in a railway-cutting near Brockenhurst, of marine 
beds containing many mollusca and corals, which were col- 
lected with untiring industry by the late Mr. F. Edwards. 
Similar fossils had previously been found at Lyndburst and at 
some other points, both im the New Forest and in the Isle of 
Wight, but those obtained in the Brockenhurst railway- cutting 
'are so numerous and well preserved as to awaken general 
ittention and iatferest in the subject. An examination of the 
Brockenhurst mollusca by Herr von Koenen proved conclusively 
tflat they ag^ree most closely with tlic fossils of the North-Germaa 
claya aadi sands, with those of the Fontaineblean Sands, and 
Wth thoas of the equivalent strata in Belgium and the Mayence 
'jaain. Dr.. Duncan's examination of the Brockenhurst corals 
m him to precisely the same conclusion, which was arrived at 
'^y him quite independently of Von Koeuen's researches. 
. It thus came to be a recognized fact that in North Germany, 
^ "1 the Mayence Basin, in Belgium, and in the Paris and Hamp- 
■M BhiTg Basins, there exist strata which at some pointa are seen to 
W ™ superimposed on Eocene strata, and at others are found 
•"iderlying the Miocene, and that the fauna of these beds is 
\?^y distinct both from that of the Eocene and from that of the 

In the year 1854 Professor Beyrich proposed that to this 

•^^v geological horizon, which hiyi-cbmo to be recognized as 

^*|8ting between the EocMwr'and the Miocene, the name of 

■^gocene (from oXtyo?, ievr, Kawo^, recent) should be given, the 

^^■■^EW SEKllilS, vol.. IV, Sl'o. Xtll. K J 
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name bein^ formed on tlie same principle as was adopted hy 
Lyell in coining his terms. Exception has been taken to this 
name of Professor Beyrich's, but its very general adoption may 
be taken to prove l^at it supplied a want which was beginning 
to be very generally fdt. It is true that Lyell did not adopt 
this new term, but it may be safely asserted that, had he lived 
to witness the recent advances in our knowledge of the deposits 
of this period, he would not have hesitated to accept the 
evidences in favour of its employment. Not only in Germany, 
Belgium, France, and England, bivt in the Alps and Eastern 
Europe, have beds of great thickness and importance, which 
must be referred to this division of the geological series, been 
discovered, and even in North America it has been shown that 
it is convenient to employ the term Oligocene to designate a 
division of the Tertiary series. 

It will be interesting to take a brief survey of the great 
series of deposits which recent researches have led geologists to 
refer to the Oligocene period ; and in doing so we shall notice 
the evidence which they afford of the distribution of the land 
and sea, and the general physical features of Europe at the time 
of their deposition. 

It is in Eastern Europe that the Oligocene strata acquire 
their greatest normal thickness and development. In Transyl- 
vania and Hungary marine and brackish- water strata of this 
age are found, attaining a thickness of betwen 2000 and 3000 
feet. Dr. Anton Koch, of Klausenberg, has described the 
succession of the Oligocene strata in the neighbourhood of that 
town, where, resting upon beds containing the fauna of the 
Barton Clay, we find a thick series of deposits which can be 
referred to the Upper, Middle, and Lower Oligocene respec- 
tively. I have myself had the opportunity of studying the 
succession of these Transylvanian beds, and of noticing how the 
series of fossilif erous beds in that area can be paralleled with 
those of northern and western Europe. A similar succession 
has been made out in the Bihar Mountains and in other parts of 
Transylvania. As we proceed southward, however, towards the 
Turkish frontier, we find brackish- water and terrestrial condi- 
tions prevailing over the marine. This is well illustrated in the 
Tsil Valley, in the south of Transylvania, where at Petroseny 
a coal-bed, liearly ninety feet in thickness, is being worked in 
open pits and by means of adits. This great coal-seam and 
others of lesser thickness are intercalated in a series of strata, 
which contain a characteristic Oligocene fauna, the strata in 
question having been preserved from denudation through being 
thrown into a synclinal lb2d- 

In the country round Buda-Ttejjt the Oligocene strata have 
been carefully studied by Dr. SzaboS and their fossils have been. 
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described by Dr. Von Hantken. A deep well-boring near the 
city baa fully confirmed the conclusions wbich had been arrived 
at as to the great thicknesa (more than 2000 feet) of the marine 
Oligocene strata in this area. Underlying the great masses of 
Miocene lava chat cover so large a portion of Ilungary there 
are found at many points marine strata, which by their fossils 
must be referred to the Oligocene, These beds, as developed 
near Vissegrad, have been well described by Dr. Koch. 

When we proceed westward, into the Vienna Basin, we find 
that the Middle and Lower Oligocene strata are altogether 
wanting in that area, and only the Upper Oligocene is 
represented by the ' Aquitanische Stufe,' In passing south- 
wards, into Styria, Croatia, and Sclavonia, these Upper Oligo- 
cene strata are found to consist of brackish-water and terrestrial 
deposits, just as is the case farther west in Transylvania. 

In Northern Germany, throughout the whole of the drift- 
covered districts, stretching from Warsaw to Hamburg, patches 
of Oligocene strata are hero and there found rising above the 
superficial covering of the country, and the same deposits are 
constantly met with in wells and horings. These strata contain 
marine fossils, sometimes of littoral, at others of a deeper-water 
character. It is in these beds that the German geologists have 
discovered such a rich moUuscan and coral fauna. The most 
abundant stores of fossils have been obtained during the sink- 
ing of pits to the brown-coal beds (which are of the age of 
the Barton Clay), the shafts often passing through richly fos- 
siliferous clays and sands before reaching the lignite beds. 

As is the case in Hungary with the Oligocene strata, so we 
find with the marine beds of that age in Northern Germany 
that when traced southwards they graduate into estuarine, fresh- 
water, and terrestrial formations. Opening into the great North 
German Oligocene sea we find clear evidences of the existence 
of four or five great deltas at this period The most easterly of 
these now forms the country of Lower Silesia ; next we have 
the delta of the Saxon district ; thirdly, we find the delta of the 
Lower Rhine, of which the Mayence Basin may be regarded as 
a part ; and fourthly, the estuarine deposits of Oligocene age in 
me Netherlands, and in the Paris, and the Hampshire Basins, 
which are all very closely connected with one another, and may 
have formed parts of several more or less united deltas. In the 
North German deltas we find beds of brown coal (distinct from 
indof younger date than the great Upper Eocene brown-coal 
formation), which alternate with sands and clays containing 
&eah-water or brackish- water fossils. Farther westward, we 
We only thin lignite deposits, the strata consisting of fresh- 
water limestone, clays and sands, with occasional marine beds 
iiiterottlated among them. 



132 POPULAR SCIENCE REVIEW. 

Now while these marine and estuarine strata were beiing ac- 
cumulated in Hungary, Northern Germany, the Netherlands, 
Northern France, and the British Islands, a number of great 
lakes existed upon the land of the Oligocene period. These were 
gradually filled up, and obliterated by sedimentary deposits. 
Owing to the fortunate circumstance that, immediately after 
the close of the Oligocene period, a grand outburst of the vol- 
canic forces took place over very wide areas, these fresh- water 
deposits have been covered up and protected to some extent 
from destruction by denudation. It is thus that we find pre- 
served for our study the interesting lacustrine deposits of the 
Limagne, of Montbrison, of the Haute Loire, of Menat, and of 
many smaller lakes in the Auvergne, and of the lake-basins of 
Teputz, Falkenau, and Eger, in Bohemia. AU of these lakes, 
with many others, of which all traces must have been removed 
by denudation, seem to have been in existence during the Oligo- 
cene period. 

If we now turn our attention to the districts immediately 
adjoining the great Alpine chains, we find the Oligocene form- 
ation represented by masses of strata of enormous thickness ; 
clays, sands, and conglomerates, accumulated sometimes in fresh- 
water lakes, at others in gulfs connected with the ocean. The 
Oligocene deposits of the Alpine district are estimated by the 
Swiss geologists as attaining a thickness of no less than from 
10,000 to 12,000 feet, and present a marked contrast in their 
physical character to the marine, estuarine, and lacustrine beds 
of the same age in other parts of Europe. But when we come 
to study the fossils of these Alpine formations, the parallelism 
of their several members with the divisions of the Upper, and 
Middle, and Lower Oligocene of Northern Europe becomes 
strikingly apparent. In the adjoining table an endeavour has 
been made to illustrate the correlation of the Oligocene and 
imderlying deposits as exhibited in different parts of Western 
Europe (see p. 133). 

It is evident that the great and general subsidence which 
took place in the European area during the Eocene or Num- 
mulitic period had already come to a close, and had been . 
succeeded by general elevatory movements before the com- ' 
mencement of the Oligocene. A great part of what is now ; 
Central Europe had become dry land, while an open sea stretched 
to the north and north-east of it. The Oligocene deposits 
were accumulated along the shores, and in the deeper waters 
of this sea, and in the estuaries of the great rivers which 
flowed into it from the south. At the same time great numbers 
of lakes existed on the surface of this Oligocene land, and into 
these were washed and thus preserved for our study many of 
the land animals and plants of the period. Before the close of 
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the Oligocene period we have proofs of tlie commencement of 
that series of yolcanic outbursts which attained their climax in 
the succeeding period of the Miocene. But along the great 
Alpine axis movements on a grander scale were taking place, 
which resulted in the formation of vast lakes, in whicm great 
thicknesses of strata were accumulated; these lakes being 
sometimes, by the action of the subterranean forces, placed in 
communication with the open ocean. At the end of tne period 
the elevatory forces so far prevailed over those producing 
subsidence, that the whole area was converted into a great 
continent, which remained above water during the Miocene but 
was to some extent submerged in the Pliocene and re-elevated 
in the recent period. Such appears to be the succession of 
changes in the physical geography of this part of the Earth's 
surface during the several Tertiary epochs. 

It is a very interesting circumstance, as I have pointed out 
in a memoir recently laid before the Geological Society of 
London, that we have in the Hampshire Basin very beautiful 
and interesting representatives of at least the Middle and Lower 
divisions of the Oligocene system. Owing to an unfortunate 
error in determining the order of succession of these beds, their 
thickness has been hitherto greatly under-estimated, and they 
have been grouped with the Eocene by some authors and 
divided between the Eocene and the Miocene systems by 
others. No fact, however, can be more certain than that those 
fluvio-marine strata of the Isle of Wight and the New Forest 
are the representatives of the great Oligocene system of the 
Continent. The new classification which is now proposed for 
them is as follows : — 

upper / Wanting in the British Islands. 
Oligocene. ) 

Middle ( Hempstead Series (marine and estuarine), 100 feet. 
Oligocene. ( Bembridge Group (estuarine), 300 feet 

Lower ( Brockenhurst Series (marine), 26 to 100 feet. 
Oligocene. ( Headon Group (estuarine), 4^00 feet. 

Whether we study the marine moUusca, the fresh-water and 
terrestrial testacea, tne reptilian and mammalian fauna, or the 
terrestrial flora of the period, we find the most convincing 
proofs that these strata of the Hampshire Basin are the exact 
equivalents of that great system of strata which has received 
the name of the Oligocene upon the Continent, which, as we 
have seen, attains to such enormous thickness and importance 
in some areas, and which everywhere is so well characterized 
by the distinct assemblage of fossils which it contains. 

It is a remarkable circumstance that nearly all the great 
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capitals of Europe — London, Paris, Bnissele, Vienna, Berlin, 
»mong the number — stand upon deiwsita of Tertiary age. This 
circumstance has doubtless powerfully contributed to the great 
amount of attention which has been devoted to the study of the 
order of succeesion, and the collection and comparison of the 
fossils of these deposits. We have already referred to the 
causes that prevented the earlier recognition of the importance 
of the Oligocene deposits, wliieh occur but are not well exposed 
in the immediate vieinify of the North German capital. The 
Hampshire Basin has not the distinction of constituting the site 
of a great city, and its beds have not been so diligently ex- 



ilorcd as have those of the London and Paris Basin 



The 



labours of Webster, Prestwich, and Forbes have, however, done 
much towards making clear the order of succession of the strata 
of the Hampshire Basin. Others, like the late Mr. FredeiTck 
Edwards and Mr. Searles Wood, have devoted themselves to the 
collection of the fossils of the district. It & to be hoped that 
the valuable fossils from the Oligocene strata of the Hampshire 
Basin which are contained in tlie British, the Woodwardian, 
and otlier Museums, a veiy large proportion of which still 
remain undescribed, may before long be made generally known 
to science by means of description and figures ; for it is certain 
that a more accurate acquaintance with these Hampshire strata 
and their fossils will enable geologists to make valuable 
improvements in the classification and correlation of the lower 
and middle Tertiary deposits in various parts of Europe. 
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ARTIFICIAL DIAMONDS. 

By F. W. RUDLER, F.G.S. 



WHY does Science smile approvingly on the modem chemist 
in his efforts to produce the diamond, and yet frown 
upon the old alchemical notion of producing gold P If the one 
substance can be prepared by art, why not the other P 

Everyone knows that these two bodies are the most highly 
valued of all natural products, and for that reason it was long 
suspected that some occult kinship must of necessity exist 
between them. Thus Pliny, speaking of the diamond, says, 
* It seemeth that it should grow nowhere but in gold.' Much 
as the ancients prized gold, they prized this gem — the invin- 
cible adamas — still more. The earliest mention of the true 
diamond, according to the Rev. C. W. King, is by the poet 
Manilius, who describes it as pretiosior auro, * The Diamant,' 
says Pliny, to quote Dr. Holland's quaint translation, * carrieth 
the greatest price, not only among precious stones, but also 
above all things else in the world : neither was it kiiowne for 
a long time what a Diamant was, imlesse it were by some kings 
and princes, and those but very few.' But since those early 
days science has grown wondrously familiar with the diamond, 
and has even been bold enough to attempt its fabrication. The 
chemist has, in fact, outrun the alchemist: the one sought 
merely to make the precious metal, but the other seeks to make 
the yet more precious gem. Nevertheless, we treat the alchemist 
with ridicule, while we watch the diamond-making chemist with 
the keenest interest I 

The truth is, that the value of the diamond, unlike the 
value of the gold, lies not in the matter of which it is com- 
posed, but only in the peculiar /orw in which that matter exists. 
In attempting the preparation of a diamond, we are not, there- 
fore, striving after the impossible ; we are not seeking either to 
create matter or to transmute one elementary species of matter 
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into anotlier; all that we attempt is, to bring the given kind of 
matter into such a physical condition that it shall possess the 
set of properties ivliieh we so higlily prize in the diamond. 

About a century ago the chemical composition of the 
diamond was first carefuUv determined, and a fresh light waa 
then cast upon the gem. From the day when it was ascertained 
that the diamond consisted only of carbon, its artificial pre- 
paration came within tie range of possibility. The old 
notions of its kinship were entirely changed, and it was un- 
expectedly found that such vulgar substances as blacklead and 
charcoal could claim close relationship with the costly gem. 
Pliny ridicules the idea that the diamond could be found, as 
Sletrodorus Scepsius had affirmed, in a locality ' wherein amber 
is engendered ; ' and tho <Jd jAiilosopher does not hesitat« to say 
of this authority, ' howbeit no man doubteth that be lieth 
Btoutly.' ' But, after all, this notion of the relation of the 
diamond with amber is more sound, from a chemical point of 
view, than Pliny's own notion that diamonds ' breed not but in 
mines of gold.' 

Knowing the chtmiical composition of the diamond, the 
mystery of its formation resolves itself into this problem : 
How to crystallize a given piece of carbon in the special 
forms which the gem poBsesses, and with the accompanying 
transparency, lustre, and hardness? Difficult as the solution 
may seem, men of science have long believed it to be practi- 
cable. ' We are so stinguine about this matter,' said Dr. Percy, 
when lecturing on chemical geology in 1864, ' that we cannot 
refrain from believing that one day or other the thing must be 
done. It aamretihj will be done. We have apparently been very 
near it from time to time, but have never yet reached it.' 
These prophetic utterances have recently received a most un- 
expected fidfilment, which it is the purpose of this article to 
chroniele. 

About three months ago, Mr. James Mactear, of the St. 
Rollox Chemical Works at Glasgow, created considerable excite- 
ment by announcing that he had succeeded in producing a 
crystallized form of carbon, comparable, if not identical, with 
diamond. It is acknowledged that this gentleman brought 
extensive chemical knowledge to bear upon the subject, and 
that he struck out a most promising line of research. Never- 
theless, his announcement was confessedly premature ; and it 
remains doubtful whether anything that can fairly be called 
diamond was ever produced in his researches. At any rate, 
the small crystalline particles which were at first taken to be 
diamonds, gave a most unsatisfactory account of themselves 
when subjected to Professor Maskelyne's searching examination. 



kind of 
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and they utterly collapsed under the chemical scrutiny of Dr. 
FUght 

It has been well said with reference to other subjects that 
* the failures of the past prepare for the triumphs of the future.' 
Nor is this saying inapplicable to our would-be diamond manu- 
facturers. Scarcely had Mr. Mactear's inyestigations faded 
from the public mind, when Mr. A. H. Allen, of Sheffield, put 
in a claim on behalf of Dr. B. S. Marsden; and before ibis 
second process is reyealed, Mr. J. Ballantine Hannay, a yoimg 
Glasgow chemist,, steps forward and actually places in our hand 
an artificial diamond 1 

For some time past Mr. Hannay hais heeik engaged in a 
most interesting series of researches whieh haye unexpectedly 
led up to the present discovery. To appreciate these researches 
it is necessary to turn to a subject which appears, at first sight, 
to have no bearing whatever upon the artificial production of 
the diamond. 

More than half a century ago, Cagniard de la Tour made 
some remarkable experiments to determine the effect of heat 
upon liquids closely sealed in strong tubes. This inquiry was 
afterwards followed up bv Dr. Andrews, of Belfast. He showed, 
for example, that carbonic aeid gas above a certain temperature 
cannot be liquefied by means of pressuipe ; but the gas, if com- 
pressed, assumes a condition which is neither that of a liquid 
nor that of a gas. Let the temperature be lowered, and it 
becomes a true liquid. Let the pressure be lowered, and it 
becomes a true gas. It was found that the two physical states 
of liquidity and gaseity pass by insensible transitioii one into the 
other ; the continuity between the two conditions being perfect. 
That particular temperature, above which pressure does not 
produce liquefaction, is termed the critical point 

Reverting to the experiments of Cagniard de la Tour and 
Andrews, in which liquids were heated m closed tubes, let us 
suppose a solid to be diss<»lved in the liquid, and the solu- 
tion to be then raised beyond its critical point. What will 
occur P The liquid will pass into the gaseous condition ; but 
what will become of the solid? This is the question which 
Mr. Hannay, working in conjxmction with Mr. Hogarth, 
sought to answer. At nrst sight it might be fairly assumed that 
if the solid were not volatile at the temperature to which it 
was exposed, it would be incapable of assuming the gaseous 
condition, and that it would therefore be abandoned by the 
solvent : hence, when the menstruum passed through the 
critical state, and became gaseous, the dissolved body would be 
precipitated in a solid form. 

Such an assumption, however, was flatly contradicted by 
experiment. It was soon found that in many cases the solid 
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"^y was not depoHited, but remained in a state of solution or 
i^iffasion in the gas. We are thiia brougbt in contact wilh the 
"De.tpected phenomenon of a solid substance being dmolced bjf 
fi jw, just as it might under ordinary circum stances be di»- I 
Nilved by a Hqiiid. J 

Since water is the most generally useful solvent, it might 
be supposed that such experiments would be best made with 
aqueous solutions. Practically, however, the use of water is 
precluded, on account partly of its inconveniently high critical 
point, and partly of the fact that water at a high temperature 
and under great pressure is capable of exerting a coiTosive 
action upon the glass tubes in which the experiments are 
undertaken. A more convenient solvent was found in alcohol, 
and many of the early experiments of Messrs. Haimay and 
Hogarth were made with a solution of iodide of potassium in 
this menstruum. A strong tube was about half filled with an 
alcoholic solution of potassic iodide ; the extremity was sealed, 
the tube placed in sn air-feath and heat applied. Having 
passed through the critical stage, the alcohol became gaseous ; 
but the iodide, instead of being precipitated, remained in 
solution in this gas. Even when the temperature rose to 
380° C, or about 150° above the critical point, the alcohol-gas 
still asserted its solvent power over the solid salt. Moreover, by 
an ingenious arrangement, it became possible to expose a frag- 
ment of the iodide to the aetdon of the gas without allowing it 
ever to come in contact with the liquid ; yet the solid slowly 
disappeared, and wa.s at length completely dissolved by the 
invisible solvent. Buton rapidly releasing the gaseous solution 
from the pressure to which it hud been exposed, the iodide was 
precipitated, either as a cloud of delicate snow-like crystals, or 
aa a crystalline film, like hoar-frost, on the inside of the glass 
tube. On again increasing the pressure, however, the crystals 
' were re-dissolved, and once more disappeared. 

Here then a new light broke in upon the phenomenon of 
solution. Hitherto it had been supposed that only liquids 
possessed solvent powers, but Messrs. Hannay and Hogarth 
haye now shown that gases also are similarly endowed. In 
sliort, these researches fortify the conclusion which Dr. 
■Andrews had previously reached, that there is perfect con- 
hauify between the liquid and the gaseous conditions. 

If such extraordinary solutions can be effected, what more 
^atural than to inquire whether carbon could be caused to 
I'lssolve in some appropriate solvent ? Carbon is a remarkably 
"Qslinate body, resisting all ordinary menstrua, such as acids 
^d alkalies, alcohol and ether, It is worth noting, however, 
^nat molten cast-iron can dissolve carbon ; and that when the 
metal ooola Uie carbon is partially separated in crystalline 
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scales, resembling graphite. Such scales are known to work- 
men imder the curious name of kish. 

Every schoolboy knows now-a-days that carbon occurs in 
nature crvstallized as two entirely distinct minerals : in the 
one form it is known as graphite^ plumbago, or block lead ; in 
the other form as diamond. Metallurgists, as just stated, are 
familiar with the artificial production of graphite, and this 
body has also been produced by certain chemical reactions; 
but the artificial crystallization of carbon in the form of 
diamond has heretofore invariably baffled the chemist. 

While the air of Glasgow was filled with the rumours of 
Mr. Mactear's experiments, it was natural to turn to Messrs. 
Hannay and Hogarth's researches, if haply their new method 
of gaseous solution might lead us to the desired end. They 
found that when a solid is freed from its gaseous solvent, it is 
invariably deposited in a crystalline condition. Now, if carbon 
could be thus dissolved, there was, of course, the bare pos- 
sibility that it might be deposited in the crystalline form of 
diamond. 

On applying himself to this inviting problem, Mr. Hannay 
was disappointed to find that all the forms of carbon with 
which he experimented, such as graphite, or charcoal, or 
lamp-black, obstinately refused to yield to any of the solvents 
which he brought to tne attack. It was clear, therefore, that if 
the problem was to be solved at all it must be solved in an 
indirect manner, and Mr. Hannay's ingenuity was equal to the 
occasion. 

Carbon is remarkable for the multitude of volatile com- 
pounds which it is capable of forming with hydrogen. Now 
Mr. Hannay found that when a gas containing carbon and 
hydrogen is subjected to heat under great pressure in the 
presence of certain metals, such as magnesium or sodium, the 
hydrocarbon is broken up, and its hydrogen combines with the 
metal, while its carbon is set free. In order to command the 
high temperature and the intense pressure necessary for this 
reaction, Mr. Hannay employs wrought-iron tubes, about 3J 
inches in thickness, and yet these are frequently torn open in 
the course of the experiments. 

It appeared probable that the carbon set free in this decom- 
position might, at the moment of its formation, or when in lie 
nascent condition, be dissolved by the gas, and then, on a 
reduction of pressure, be precipitated in a crystalline condition. 
Mr. Hannay has found that in order to obtain the carbon in the 
required crystalline state it is necessary that a stable 
compound containing nitrogen be present. When these 
conditions were fulfilled, the operator had the satisfaction of 
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finding that aome of the carbon which was set free actually 
crystallized in the form of diamond ! 

This adamantine carbon baa been severely tested, not only 
by the discoverer himself, but also by bo high a mineralogical 
authority as Prol'easor Maskelyne. First, as to hardness, which 
of all characters is the most characteristic and the moat valuable 
in diamonds : it is found that Mr. Hannay's crystals will easily 
scratch deep groves in a sapphire, and no substance save 
diamond possesses this strong abrading power. With regard 
to crystaUinefonn, little can be said, but still that little is quit^ 
satisfactory. Perfect crystals have not, as yet, been obtained, 
and the fragments look like splinters of diamond rather than 
crystals. Still in one case Professor Maskelyne found traces of 
the distinctive octahedral cleavage, and Mr. Hannay has called 
attention to the curvature of some of the faces, so suggestive of 
diamond-crystals. OpiicaUy the crystalline fragments behave 
themselves just aa diamonds might be expected to behave. 
Moreover, when placed in the scales they are not found 
wanting, fur some of the artificial adiimantoid carbon baa as 
high a specijic grariiy as 3'5. Finally, the chemical tests leave 
nothing to be desired. Heated in the voltaic arc the carbon 
swells up and turns black, just as is the case with diamond ; 
while it" burnt in the usual way, in oxygen, it yields only 
carbonic acid ; and though but a very small quantity was 
operated on, the result showed that the artificial crystalline 
"body contained aa mucli as 9785 per cent of carbon. All the 
lines of evidence therefore converged to this point, that we are 
hero dealing with a substance which is to all intents and pur- 
poses neither more nor less than diamond. 

It thus appears that Mr. Hannay has mimicked Nature so 
successfully as to produce a body not distinguishable from the 
natural gem. In connexion with this interesting discovery, 
however, two questions naturally suggest themselves : first, baa 
the artificial substance been produced in the same way as the 
native diamond ? And, secondly, can the artificial product he 
made in such quantity and with such facility aa to be profitably 
sent into the market ? 

The first question is by no means easily answered. Nature 
has such a wealth of resource at her command that in com- 
passing a particular end she is by no means limited to a single 
method. Nothing ia more likely than that the diamond haa 
heen formed in one way in this locality and in another way in 
that. In fact, the conditions of its occurrence are so dissimilar 
in different parts of the world as to make it highly probable 
that the diamonds of Brazil and the diamonds of South Africa 
have been brought forth by different processes. Mr. Hannay 
may or may not have hit upon an exact imitation of the natural 
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conditioiis of diamond-making, but even if he has gone to work 
after one of Nature's ways, it is far from necessary to assume 
that all diamonds have been fashioned, in this particular manner. 
It was an old alchemical dogma that ^Yulcan is a second 
nature, imitating concisely what the first takes time and 
circuit to efPect. Obedient to this maxim, Mr. Hannay has 
pressed Yulcan into his service, but a good deal that we know 
about the natural diamond in certain localities tends to show 
that Yulcan has not always presided at its birth. Thus an 
eminent chemist recently said, * We are entirely ignorant of the 
mode of its formation in Nature. The only thing which may be 
regarded as certain is that it has not been formed at a high 
temperature/ 

After all, the genesis of the diamond is a subject of only 
scientific interest ; the practical question for unscientific folk is 
whether Mr. Hannay can or cannot make his product in sufficient 
quantity to disturb the diamond market. Owners of gems, 
however, may be comforted by the assurance that, at present, 
the artificial specimens are small in size and costly to procure. 
When the chemist has completed his elaborate experiment, and 
opened the iron tube which has just been drawn from the 
furnace, he finds that his diamonds are not, like Sinbad's, 
* of a surprising bigness.' They are, in fact, rather of a sur- 
prising smallness. But, were they no bigger than pins' heads, 
the experiment would still be a memorable scientific triumph. 
Practically, however, there is all the difference in the world 
between a laboratory experiment and a manufacturing industry. 
At the same time, it is of course possible that the recent 
Glasgow experiments may be merely the grains of mustard-seed 
which shall be eventually developea into a fruitful imdertaking 
of commercial significance. Nothing, however, is more certain 
than that Mr. Hannay commenced his researches without the 
slightest regard to what Bacon calls ' the applying of knowledge 
to lucre.' 
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er to detenniae, with at least approximate cer^m^^^^^ 

fcthe starting-point from which animal life took its earlieat 
K> in evolution, it is obviously essential that we should 
iertain accurate ideas as to the nature and charuetcrs of 
Ibo humhlest types of being that stand at the bottom of the 
pes. Fifteen years ago it was the general belief amongst 

Pogiets that the Rhizopods, as presenting ' the dietinctive 

attributes of animal life in their least speciBdized shape,' occu- 
pied the position. But, since then, scientific opinion has under- 
gone an important, and, as I venture to think, preJudiLial 
^^ttsnge, through the promulgation by Professor Haickel of the 
^^^n>othesis that there exists a third kingdom in creation, tnter- 
^^Kdiate between the animal and vegetable kingdoms, the lowest 
^mSlup of which, tk^^ Monera, comprises ' not only the simplest, 
»iit the simplest conceivable organisms;' and hence, with a 
view ' to satisfy the requirements of the human understanding 
for causality,' we must accept as an ' unprovable,' but, never- 
theless, absolute fact, that these organisms 'originated by 
spontaneous generation at the first beg inn ing of life upon the 
earth,' 

The chief aim of the following observations is to prove, on 

It basis of Haickcl's own descriptions and figures, that the 
potures in question have no locus standi as Monera ; and, 
isequently, that we are as far off as ever from being able to 
f with confidence that thoy form the connecting link between 
i organic and inorganic world ; or that they were ' the first 
ilecules of matter that took upon themselves the responsibility 
living.' • 
* This expressiun was used Hfttirically by Dr. Dawson, of Eozooa celo- 
)y, in flpeoMng of apontaneouB generatioD. 
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Had HsDckers statements concerning the Monera reached 
their climax when he made the extraordinary announcement 
that, in spite of each individual particle of which their bodies 
are composed having been proved, by the most refined chemical 
and optical tests, to be but an exact counterpart of every other 
particle entering into their composition — eight genera and six- 
teen species were readily distinguishable, a statement so tanta- 
mount to affirming that things which are equal to the same 
thing are not equal to each other, might safely have been left 
to find its own level. But when, in addition to this, an effort 
is made to upset every heretofore proposed classification of the 
Bhizopoda and Protozoa generally, on such untenable evidence 
as that upon which the existence of Batht/bim, Protamcabay Pr(h 
tomyxa, Protogems, and Mt/xastrum — all typical Monera be it 
observed — avowedly depends; and we are gravely asked to 
believe that 'the most retnarkable of all Monera, Bathybius, 
probably even now always comes into existence by spontaneous 
generation,* in the depths of the ocean; it will, I think, be 
freely admitted that the matter demands a much more searching 
investigation than has hitherto been bestowed upon it. 

I shall have occasion, hereafter, to allude to some of the 
minor evils resulting from this speculative style of teaching. 
But lest it be imagined that I am exaggerating the facts, H 
would invite attention to the two subjoined brief passages froirv 
the writings of Mr. St. George Mivart, which, though apparently- 
written under a singularly erroneous view of the scope and 
limits of modem biological inquiry, unmistakably indicate thfit.-fc 
even amongst those who might reasonably be supposed to knoAV 
better, * the doctrines of evolution ' and spontaneous generation 
are regarded as mere extensions of the same order of phe- 
nomena — relating, on the one hand, to organic life, and, on the 
other, to inorganic matter. 

Thus, referring specially to Haeckel's observations upon the 
lowest forms of life, Mr. Mivart expatiates on the materialistic 
pantheism and the atheistic deductions from supposed facts 
which later investigations have proved to be fictions, * e. g., the 
supposed organism Bafhybkis Hwckeiii;' and declares that *th6 
doctrines of evolution logically culminate in three negations-^ 
namely, of Ood, of the soul, and of virtue,* 

Even Buchner, the earnest and undaunted advocate of freedom 
of thought and teaching, in his treatment of an essentially 
speculative department of knowledge, recognizes the necessity 
of rejecting mere hypothetical evidence in dealing with natural 
science. In his remarkable work, Kraft und Stoff* whilst 

* An excellent translation of Buchner's work, entitled Force and MatteTj 
edited by Mr. T. F. Collingwood, F.G.S., has gone through two editioitf 
since ldti4. 
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expressing the opinion that ' spontaneous generation undoubtedly 
played a more important piirt in the primeval period of the 
world's history than at present,' frankly allows, notwithstanding 
hia unflinching faith in the potentidities of matter, that ' we 
possess no certainty nor well-founded data on the point, and are 
ready to confess our ignorance. But, though as regards organic 
creation much may be doubtful, we may positively assert that 
it may have, and has, proceeded without the interference of 
external forces.' 

Now there is certainly nothing illogical in the opinion aa 
thus stated, nor can it with fairness be looked upon as extreme 
even by the moderate Evolutionist. It is a simple avowal of the 
sufficiency of natural causes and conditions to account for the 
phenomena of life, ichen once eniablkkfid, and an outqwken 
warning that a rigid line of demarcation should always be drawn 
between that which admits of proof and that which at best can 
only be surmised. 

Professor Virchow, another of Useckel's countrymen and his 
quondam teacher, one of the most accomplished biological writers 
this century has produced, has yet more emphatically declared 
that where the object of a speaker or writer is to instruct, ' no 
Bypotheses or assumptions, however dogmatically insisted on, 
can stand in the place of details, the results of observation, 
experiment,, and thought.' It is, therefore, not surprising that 
Virchow should' have vehemently attacked the HiKikelian system, 
or that two men with minds so antithetically constituted should 
thereupon have engaged in. a controversy almost without parallel 
for the acerbity with which it has been conducted. 

Let it not be imagined, however, that H^eckel makes any 
Boeret of his devotion to purely ' speculative science.' In hia 
reply to Virchow, entitled Freedom in Science and Teaching 
<1879, p. 63), he says: 'In my opinioa there is no boundary-line 
between the speculative departments of science and those that 
are actually conquered and firmly established ; on the contrary, 
all human knowledge is subjective.' And in support of this 
proposition he then proceeds to show that even mathematics, 
which stands at the head of the exact sciences, is based entirely 
' on those deepest and simplest fundamental axioms which are 
incapable of proof. It will be seen presently to what extra- 
vagant lengths 'freedom in teaching' maybe carried where there 
is a preconceived hypothesis to support. 

According to Ilaickel, the Monera stand at the bottom of 
hie list of Protista, which are said to constitute a very natural 
osiemblage of organisms, presenting characters more or less 
common to animals and plants, hut, in point of fact, comprising 
the Fornminifera, Anxehie, and NocHlucce, which are unquestion- 
ably animals ; and the Dialomacew, ' Oscillariiiea,' and certaia 

. KBW SERIES, VOL. IV. — XO. XIV. 
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Fungiy which are as unquestionably plants. Whilst the Gr(^- 
garinm are made a sub-family of the Amoebce, the Amcebce air^ 
separated from the Rhizopada ; and the Foramini/era, HeUozocm 
and already incongruous Hadidaria, are served up as an ol^ 
podvida imder the name of the Rhizopada ! 

But let us now direct our attention to the special grou.;] 
with which we are more inmiediately concerned, namely, tL^^ 
Monera. 

With a marvellous eye to the value of precise dates, HaBck^ 
tells us that the Monera originated in the beginning of tbi.€ 
Laurentian period, ' hj spontaneous generation as crystals from 
the matrix, out of simple inorganic combinations of carbon, 
oxygen, hydrogen, and nitrogen. If we tried to constitute, 
a priori, the simplest conceivable organisms, we should always 
be compelled to fall back upon such Monera. They are the 
simplest pet^manent Cytods. Their entire body consists of merely 
soft, structureless Plasson. However thoroughly we examine 
them with the help of the most delicate chemical reagents and 
the strongest optical instnmients, we yet find tlmt all the parts 
are thoroughly homogeneous, each particle in the mass being a mere 
counterpart of every other particle composing it. They are, there- 
fore, in the strictest sense, organisms without organs, since they 
possess no organs, and are not composed of various particles. 
In a perfectly developed and freely mobile state, they one and all 
present us with nothing but a simple lump of an albuminous combi- 
nation of carbon. The individual genera and species differ only a 
little in the manner of propagation and development, and in the way 
of taking nourishment. They can only be called organisms in 
50 far as they are capable of exercising the phenomenon of 
organic life, of nutrition, reproduction, secretion, movement. 
Although in all real Monera the body consists merely of such a living 
piece of Plasson, yet amongst the Monera which have been observed 
in the sea and fresh water, we have been able to distinguish eight 
different genera and sixteen species, varying in the mode in which 
their tiny bodies move and reproduce. The extant Monera afford 
us organless organisms, such as must have originated by spon- 
taneous generation at the first beginning of life upon the earth. 
FJ'ven amongst the Monera at present knoivn thm^e is a species which 
probably even now always comes into eocisfence by spontaneous ge)ie' 
ration, namely, the wonderful Bathybius Ilmckelii, This has been 
prorcd to be a necessary hypothesis, and is demanded by the re- 
quirements of the human understanding for causality. . . . The 
Monera may be fed with carmine or indigo powder if scattered 
in the drop of water imder the microscope in which they are 
contained. The grains of colouring matter gradually penetrate 
the slimy body, and are then driven about in irregular direc- 
tions. The smallest separate particles or molecules of the Mofieron- 
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kihi, cnIM Plas/i'lfiks, dkplarp each otliei; change their relativ^ 
positions, and thus effect a change in the ijosition of the oolour-fl 

Iing pavtieles. This ehfingf- of potition jiror/s ponitircly that t 
hidden structure. doe» not exi»L' This, Ilseckel affirms, 
ermhrng ansircr to the assertion that their organization is i 
minute that in consequence of the inadequate magnifying pow^l 
of our glasses it is invisible,'" 

It ii-ill be shown hereafter that the ' crushing answer ' 
I'orred to by HaK;kel is, in reality, no answer at all, iuasmuch| 
Ufi u careful comparison of his descriptions and of the evidence 
I'lirnislicd by his figures of the most typical Monora, suffiosfl 
t'j prove that their body-aubatance is not homogeneous, eveik'l 
when seen nnder a very low maguitying power ; but, on th«T 
f^fintraiT, consists of the usual pure basal protoplasm, thicklj"« 
"tudded with minute granular particles, which arc as integral 1 
« part of its composition, as they are of the protoplasm of every .¥ 

(trne mature Ilhizojx>d without exception. But even were tha l 
alleged apparent homogeneousness and total absence of anything I 
approaching to structure or texture in the protoplasm of tha J 
Monera a fact, we should be wrong in assuming the non-' 
existence of all organization, inasmuch as it has been proved ■ 
beyond all question by those indefatigable microscoi)ist8, I 
Slessrs. Dallinger and Drysdale, that, in a protoplasmic ii 
given off from the body of certain Monads, in which not a I 
trace of structure or granularity was at first discoverable under I 
the enonnous magnifying power of a ^'jjth objective, after the ■ 
lapse of several hours during which the object had not been I 
lost sight of for a single monient, numberless extremely minute I 
molecules made their appearance, and these proved to bi; ferti- 
lized germs, inasmuch as they continued to increase in size, and I 
after a further lapse of time became developed into the mature 1 
parent form from which they had originated ; the life-cycle of 1 
the species ha%-ing been once more reproduced fi'om the so- 
obtained mature forms. Here, then, we have incontestable 
evidence that germinal particles — -i.e., particles of matter- 
quite invisible in the earliest stage of existence, tnnsf, never- 
theless, hai'e been present in the protoplasm ; and consequently 
that they must further be regarded as integral and essential J 
factors in Ihe life-cycle of the organisms which gave them J 
birth. 

Now, any person examining the fi.gures of Proiamwha in the 1 
accompanying plate (PI. iv. hgs. 1, 2, and 3) will at a glanca I 
percei\'e that they do not convey the impression of a perl'ectly 1 

• For the full teit iif the above epitome I must refer the reader to th»;J 
three latest works in which the questions now referred to are diHL-ussed, i 
IlMicktfl'H ISiilory of Creation, published in I9"(l, Ev^timi of Man, 167flJ 
wrt I^ratiam ^JSekam ami Teachmff, afafl in the latter yftat. m 
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homogeneous and structureless substance — such a substance, 
short, as the pure albumen of an egg. On the contrary, the figur 
furnish the most striking evidence that the body substan 
contains distributed within it except at the central part, a muL 
tude of minute but well-defined granular particles, of so neas 
uniform size as to warrant the inference that they could k 
have been introduced accidentally into the bodies of the Mon^ 
but form component portions of their structure. Concemi 
these particles I shall have something more to say present: 
But meanwhile I must ifivite attention to another equally i 
portant proof of organization furnished by these figures. 

At the central portion of Fig. 1, Plate iv., a circular spa 
may be noticed, presenting fewer granular particles than t^ 
surrounding substance. The boundary of this space, thou^ 
faint, suflSces to prove that, like the granular particles, it 
not an accidental portion of the structure. This alone is sign 
ficant enough, but not so significant as the fact observable i 
Figs. 2 and 3. Fig. 2, as stated in the description, represeni 
a Protamceha * beginning to divide into two halves.' (It wi 
have been noticed at p. 146, antCy that Hacckel speaks of th.i 
division as a process of reproduction). The central, codd 
paratively clear space, shown in Fig. 1, has here alread 
divided, one half being retained by and constituting the centra 
space of the upper dividing half of the organism as shown at ^ 
the other being retained by and constituting the central spa^ 
of the lower dividing half as shown at b\ the central spac^ 
remaining clearly visible in Figs. 3, c and dy in which divisio 
is represented as having been completed. 

But, according to Haickel, ' originally, every organic cell 
only a simple globule of mucus, like a MoneroHy but difEerir:i 
from it in the fact that the homogeneous albuminous sul 
stance has separated itself into two difierent parts, a firmer alb'' 
minous body, the cell-kernel or nucleus ; and an external soft* 
albuminous body, the cell-substance or protoplasm. Besii 
this, many cells, later on, form a third, frequently absent, distii*. 
part, inasmuch as they cover themselves with a capsule "t 
exuding an outer pellicle, or cell-membrame.' {History 
Creation y Vol. i. pp. 177-8). Here, then, we have Haeckel hijc: 
self supplying the requisite data for a correct interpretati<: 
of the appearances presented by his Protamceha, and, as tc^- 

Presently be seen, his Protomyxa and Myxasti^m likewis 
he granules and the central clear space unmistakably indict 
an already effected separation of the constituents of the prat< 
plasm into two, if not three, parts, to what degree differin 
from each other, we have at present no means of accurate! 
ascertaining, except from their external characters. But io 
our immediate purpose, it is quite suflBcient to know that, sine 
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a, separation of the constituent atoms of auy perfectly homo- 

geneoua substance into two or raore parts, cannot possibly take 

place otherwise than through some molecular or chemical 

cliange in their original constitution, euch eubstnnce can no 

longer be said to be so homogeneous that every individual 

particle is an exact counterpart of every other particle of the 

mass. The entire delinition and character based upon it is 

therefore demoKahed, and with it the foundations upon which 

the Hieckelian hypothesis of the Monera has been made to 

rest, 

Now in the early stage of every true Amieba without ex- 
ception, granular particles, which undoubtedly constitute an 
integral portion of the organism even at this period, may be 
, discovered scattered through its substance and taking part in 
I the movements of the protoplasm, arising not from any circu- 
latory faculty resident within it, but from the changes of form 
undergone by the animal in throwing out pseudopodia for the 
purpose of creeping or rolling itself along the surface upon 
J which it happens, for the time being, to be moviog. This is 

I rendered perlectly certain by the circumstance that when the 
Ijody ceases to move, the 5 Hast -circulation ceaaea also. In the 
'fwe-floating Bhizopods, as, for example, the Foramiiiifera, Poh/- 
tjfutiwi, Acantkometrm, and Dictyocltid<B, the same thing may ho 
observed, though much less frequently, because in order to 
bring every portion of the body- substance in turn under the 
■nfluence of the medium in which the organism lives, a very 
"linute portion being exposed at a time beyond the shell or 
pembranous covering, the vital contractility of the protoplasm 
jsaimoat continually forcing some of the body-substance out of 
'"S foramina, and retracting within the shell a corresponding 
IJiantity. But where a separation of the protoplasm has taken 
P'sce into a clear portion nearly devoid of granules, or, as some- 
''"les ia the case, more highly charged with them, it is always 
P^^ihle by dint of a little trouble to perceive that the central 
'flass retains its character unchanged, there being, apparently, 
P^ longer a continuous interchange of protoplasmic substance 
^^H-een the central or nuclear portion and that which surrounds 
' ' In the whole of the Rhizopoda the minute granules un- 
/"*btedly go to form the true nucleus when this organ is 
*>' developed, and in the lowest order, in which no definite 
'^Oh nucleus is present, to form the smaller reproductive 
°/^Sans, to which I gave the name of Sarcoblasts, as being 
, ^ bodies from which the young of the species are developed, 
"•^t-la Nuclei and Sarcoblasts aro almost entirely made up of the 
"""^nules, which are, however, too minute to admit of their 
^ *"victure being resolved. But if the still more minute granules 
™^»i by Messrs, Dallinger and Dryadale proved to be the germs 
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of the parent Monad into winch they eventually developed, ii 
is perfectly legitimate to assume, as I did in the case of th< 
Amoeban Rhizopods, that the granule^ are the true reproductivi 
elements of these organisms. 

As regards the central clear space in Haeckers figures oi 
Protamoeba, it is not requisite to offer many further observationa 
It is a well-known fact, and one repeatedly alluded to by 
HdDckel, that in all the more highly organized Protozoa the 
nuclear body is the first portion of the structure to undergo 
subdivision. But even allowing for argument's sake that the 
central space indicated in each figure of Protamceba was nol 
intended to represent a nucleus, but some accidental displace- 
ment, caused by pressure or otherwise, of the granules per- 
vading the substance of the body, the chances are enormouslj 
against such a displacement having taken place in each of the 
specimens figured. And it is equally improbable that in the 
representation of the Protamceha * beginning to divide ' into twc 
halves, and of the two halves in which division had beer 
completed, any such accidental cause should have led to i 
central clear space being present in both the new individuals 
precisely as we see in the case of a true nucleus. Such ar 
explanation is, therefore, inadmissible. Hence, as in the case 
of the manifestly * differentiated ' granular particles, we musi 
regard the appearances as putting beyond all reasonable doubl 
the fact that the protoplasm of Protamceba is not what Haeckel 
assumes it to be, namely, a substance so homogeneous and 
structureless that every individual particle of it is the exaci 
counterpart of every other particle composing it, there being 
no two different portions in the organism. Now the differen- 
tiation of living body-substance into two portions is a character 
on which Haeckel himself very justly lays the greatest em- 
phasis, since it undoubtedly furnishes the most important proc 
available of advance from a lower to a higher degree of orge 
nization. Referring to this, he says: — *We must assume tt^ 
very different stages of Evolution in those elementary organists 
whichy as formative particles or plastids, represent organic incm 
viduality of the highest order. The older and lower stage teirr 
that of Cytods, in which tJie whole body consists of but one kind 
albuminous substance of the simplest plasson or formative materia^:- 
the more recent or higher stage being that of cells in whictx 
separation or differentiation of the original plasma into \rv^ 
different kinds of albuminous substances, into the inner celi 
kernel or nucleus, and outer cell-substance or protoplasm, lia 
already taken place.* — Evolution of Man, voL ii. p. 45. 

But the complicated web of contradictory statements re- 
specting the Monera is not yet exhausted. In his Evolution oj 
""^m^ Haeckel makes the definite assertion that * the Monera, in 
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tiieir BIOUEST stage of development, conBiet merely of small 

Ces of structureless plasson or slime;' and that 'the whole 
yconsiHta merely oi pfasson.' (Op. df. vol. ii. p. 43.) 
Let us see how these remarkable statcmeuts tally with tijo 
liatorj- 80 circumstantially recorded by HaKilccI of two of his 
typieij Monera, Protomi/xa aurantiaca and Mi/xattrum radUttf.'* 
It is almost superfluous for me to mention that in the earliest 
period of independent existence of nearly all the Protozoa 
liolding higher rank than the Ilbizopoda, there occurs an 
Amaboid stage, which is transitory and followed by the other 
developmental phases constituting the life-cycle of these 
organisms. Kaeckel, on the other hand, draws the primary 
characters of his Mouera — those charactei's upon which he bases 
llie assertion that they are the simplest conceivable organisms 
—on the appearances presented by only ono out of several 
pisses through which they pass. 

After premising that he is about to restrict bimscif entirely 
to 'true Mouera, i.e. naked prctoplaiiinic bodies without nuclei,' 
and means to pay no attention to the Protoplasfa distinguished 
by the possession of one or more nuclei (as Amoeba and jlrvcl/a), 
'<"■ to the Rhizopodd, dvttingimhed by the possession of a diKlinct 
^11 or membrane,' we have presented to us a figure of the 
Amixhkl 'fiiU-gromt fmiwg' stage of Frofomyxa mtraniiaca 
(See Plate iv, fig. 4), an organism detected by Urockel upon 
" "nrula shell in 1866 at Lauzarote, one of the Canary Islands. 
- red colour he regards as distinguishing it from other 
"oiiera. He traced it through the following distinct successive 
*ts^. The first, that of 'a minute tolerably opaque red bollj 
Covered with a thick, struct»rele»s membrane,' nevertheless, sub- 
wjuently found to consist of 'several concentric layers.' Tho 
'Oiange-red 'contents of the balls appeared an a thoroughly 
SOBOGENEors obscurely granulated masi, in ichich might be ob~ 
'^ftedtery numerous exceedingly Jine particles and a umall quantity 
^ nironglg-refraeting red grains' (Plate iv. fig. 5.) Certain 
"dentations on the surface of some of the halls proved to be 
•"fl external sign of the breaking up of the whole cell-contents 
llito a great number of smaller balls. In some of the balls 
*hich were kept under observations in watch-glasses filled with 
*l^wate^, the orange-red plasma divided as before into a number 
W amaller rai balls. (Figs- 6 and 7.) But this division did 
"lot alop with a repeated bipartite division within the larger cell 

, I pnrpofely leave out of conridcriition Ilseckera Moneron Protoi/enei 
P^'ontwOi, as fie admits it to be very cloBely related to AmaSia porrecta of 
v^u'tw; adding that as the hiatory of its mode of dcveliipment and reprn- 
f'''*™ wo» vmkwAim to hitn, he could not describe its affinities. Tin-re con 
•?% te any doubt as to it« being Sc^idtze's A. porrecta. Of B,itkybiui as 
" lothiiy need be arid. 



152 POPULAR 8CIBNCB REVIEW. 

membrane, but went on, and this, Hseckel observes, ^ would he 
better conceived as a QT.RH'/ormation than as a process of division 
or gemmation.' Still later, some of the smaller or contained 
balls became pear-shaped and moved actively about when tha 
cell-membrane burst, their movements being accelerated as 
soon as they were free. (Fig. 8, e.) XTltimately, *the pear- 
shaped tail-bearing germs, or rather germ cytods' (whatevei- 
that may mean), assumed an Amoeboid condition (Fig. 8, /), 
which Ilaxjkel again declares was structureless throughout, and 
' thei^eby the morphological status of the simplest conceivable 
organic individual was that of a naked cytode or gymno- 
cytode.' 

^ Myxastrum radians' (Plate iv. fig. 9), at first reminded 
Haeckel of ^Actinosphcerium Eichhorniiy inasmuch as it consisted 
of a small globular mass of structureless, homogeneous jelly, 
covered with the radiating pseudopodia of Actinophrys. The 
central or inner mass consisted of a sarcode body which con- 
tained very numerous interspersed, bright, shining particles, 
and a small number of larger strongly-refracting granules. 
Myxastrum is distinguished from Actinosphcerium by the absence 
of vacuoles, nucleus-holding cells, and any difference between 
its outer and inner portions, the whole mass being homogeneous. 
On this ground it miglit rather be associated with Actinophrys 
Sol. But, again, it does not possess the contractile vesicle of 
the latter, * and is especially dicing uished by its peculiar repro- 
duction.^ Haockel attempts to account for the granules by 
regarding them as * the products of a change of substance^ it 
being extremely probable that they are assimilated substances 
produced by the chemical action of the digestive sarcode upon 
the food taken, and are afterwards changed again into sarcode. 
This is supposed to be proved by the increase or diminution in 
the number of the granules which were observable, as the crea- 
tures, whilst under observation, were either fed upon generous 
diet, or starved. After a time the small globular mass of jelly 
constituting the body of Myxastrum became encysted like Pf^ 
tomyxa (Fig. 10), the cyst-membrane becoming thicker and 
thicker by the addition of fresh concentric layers, and finally 
reached a thickness amounting to an eighth of the diameter of 
the entire mass. After the lapse of a fortnight the contents 
were developed into a number of spindle-shaped. bodies (Figs. 
11 and 12), which subsequently became oblong and covered 
by a thin wall having a well-dofined double outline, which was 
proved to consist of silex (Fig. 13). Ultimately, the siliceous wall 
of each of these bodies burst at bne extremity, and gave egress 
to minute spherules — ' sporangia ' (Fig. 14) — which finally took 
the parent form of Myxa^b^m. , 

Here, then, we have presented to us the clearest proof iW 
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ical Mbnera, instead of being ' througb life ' notlung niort' 
D little lumps of the Btructurcless, &c., protoplasm, and ex- 
iting 'no higher dcgroe of development than that observable 
aire protoplasm, undoubtedly paes through several stages in 
IT lite-cycle, and that in two at least of these stages, their 
BniKation is obviously of a complex kind, even when 
itinized in the most cursory manner. Thus we find they 
Jtlirough an Amceboid, or Actinojihryan-YAx stage, a stage 
iicystment, in which the contents of the cyst — itsolf a highly 
Bentiated portion of the structure — undergo a process akin. 
B^Tnentation ; each segment, in the case of Protomyxa, 
irging from the burst cyst in the shape of a pjTiform, caiidate, 
spore, which moves about actively, but ultimately takes on 
AniDeboid form ; and in the case of Myxastrum, emerging 
!ie shape of oblong siliceous cysts, which on bursting give 
ssa to a little mass of protoplasm, which, as in Frotomi/m, 
s on the Amceboid (Actinophryan) character — a series of 
8 so significant, that I venture to say they prove incontestubly 
\ whatever may ho the precise position in nature of the 
tnisma described, they are not inferior in complexity of 
Krture to the Rhizopods, 

In short, the error committed throughout Iliockel's obser- 
fins consists in the determination to regard the protoplasm 
he organisms in question as perfectly homogeneous, because 
xinsiders this character essential to his hypothesis of their 
ing been formed by spontaneous generation. Tho rosoarches 
ieasrs. Dallinger and Drysdale, already referred to, clearly 
lottstrate this error. In the case of the Monera, which are 
ita in comparison with Messrs. Dallinger and Drysdale's 
tads, the presence of granular particles suffices to upset the 
Bthesis based upon the absolute homogeneity of their proto- 
m, in spite of Hcecltel's effort to explain away their un- 
able presence on the ground that they are ' the products of 
lange of substance — aaainiilated matter, to be eventually 
iged into aarcode.' For, what are blood- corpuscules, sper- 
ozoa, and every tissue in an animal's body, but products of 
«nge of substance P 

Did space permit, it would be easy to show that in the 
ipfia, when immature, the nuclear body not unfrequently 
pea observation, owing either to its transparency or to the 
tenoe of the granular particles, as well as food- par tides, 
eh make their appearance in the sareode at a veiy early 
« in the life-history of these organisms. The nucleus is, 
ever, always present when repi-oduc.tive ilmsion (a term I 
use merely to distinguish it from simple repetitive divi- 
) has taken place ; inasmuch as the former process cannot 
' B a nucleus is present ; whereas simple division into 



1 

^1 



il 

I 

e 

I 

1 ■ ■ 



164 POPULAR SCIENCE REVIEW. 

two halves may be repeated almost indefinitely in the absence 
of a nucleus. 

Were proof needed of the difficulty sometimes experienced 
in detecting the nuclear body, it is to be found in the' fact that 
Oromia, one of the most highly developed Rhizopoda, was 
classed not only with the Foraminif era in the lowest order of 
these organisms until the year 1864, when they were shown by 
me to be furnished with both a definite, encapsuled nucleus, 
and a contractile vesicle, but was retained as the tf/pe of Fora- 
miniferal structure in almost every text-book on the Protozoa. 

I may be allowed to say, in conclusion, that I do not pretend 
to be able to determine the exact position and relations of the 
structures described as Monera. In order to do this it would 
be requisite to examine living and authenticated specimens. 
But I am much mistaken if any such determination is needed 
to demonstrate that the Monera do not exist in nature as a 
group of organisms holding an intermediate position between 
true animals and true plants, as laid down by their describer. 
They must, accordingly, be henceforth relegated to that limbo 
of departed spirits to which their illustrious congener, JBathy- 
bim, has already preceded them — unless, indeed, we are to 
accept another of the extraordinary conclusions arrived at by 
Professor Haeckel in relation to the Monera, viz., that *the 
conception of an independent soul-life to every individual organic 
cell is a validly proved conception^ hy the study of Infiisoriay 
AmoebcB, and other one-celled organisms ; for in these indicidval 
isolated living cells, ice find the same manifestations of soul, life, 
feelings y and ideas {mental images), will, and motion, as in the 
higher animals compounded of many cells,^ {Freedom of Science and 
Teaching, p. 47.) 



EXPLANATION OF PLATE IV. 

The whole of these fgures are, as nearly as possible, facsimiles 

of HieckeTs originals. 

Fig. 1. Protamceba primitiva, a typical freshwater Moneron, in the free 

Amoeboid condition. 
Fig. 2. The same beginning to divide. It will be seen that the central detf 

space visible in ^g. 1, has already divided, and is visible both it 

a and 6. 
Fig. 3. The same, division being complete ; and the two separate individuals 

each presenting a central clear space. 
Fig. 4. iVo^omy^a owraTi^taca, another typical Moneron. 'A f ull-grownspeo- 

men ' said to be * fasting.* 
Fig. 6. The same ' encysted.' 
Fig. 6. The same, more developed. * The homogeneous protoplasm hn 
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retracted itself from the inside of the wall of the cyst, which has 
'become thickened, and has begun to divide into numerous small 
globular bodies. Between the plasmarball and the outer covering 
a little dear fluid has collected.' 

[a. 7. The same further developed. 

IQ. 8. ' The small globular bodies have now drawn themselves out into a 
long tail, and issue from the cyst as swarmnspores, with a lively 
motion.' At e, * the pear-shaped spores, having ruptured the cyst, 
move about freely \vith the aid of their tails.' At /, some * spores 
becoming stationary retract their tails and protrude pseudopodia,' by 
means of which they creep about after the manner of Amaixe, 
Fig. 8, gy shows 'three of these Amoeboid germs united into a 
single Plasmodium;' vacuoli being now for the first time obser\'able. 

ho, 9. Myxastrum radiansy another typical Moneron in the Amoeboid or 
Actinophryan stage : not quite full-grown. 

*rG. 10. The same after arriving at full growth, encysted, 'showing the 
homogeneous colourless ball of protoplasm, surrounded by a tough, 
structureless, gelatinous, covering.' 

ra. 11. The same, 'at conmiencement of development, dividing hj radial 
cleavage into numerous conical portions.' 

Gh. 12. The same, still further developed. ' The cone-shaped masses have 
now assumed a spindle-shape, and each separate one has developed 
a siliceous covering.' 

Gh. 13. The empty >siliceous shell of one of these ' spores J 

G. 14. 'A spore, showing the protoplasmic contents escaping from the 
siliceous shell.' 
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BRTTISH MARINE POLYZOA.* 

EVERY naturalist knows the magnificent series of works on Britiah 
Zoology for the publication of which we are indebted to thb 
liberality and enterprise of Mr. V^an Voorst. The Quadrupeds, Reptiles, and 
Stalk-eyed Crustacea of the late Professor Bell, whose recent death at a ripe 
old age is deploi-ed by all who knew him ; YarrelTs Birds and Fishes ; tl» 
History of British Echinodermata, by Professor Edward Forbes, and the 
splendid work on the Mollusca, by the last-named writer and Mr. Sylvanua 
Hanley; and MM. Spence Bate and Westwood's history of the Sessile- 
eyed Crustacea, are all standard works, covering a great part of the domaia 
of British Zoology, and reflecting the highest credit both upon their authom 
and upon the publisher who has brought them out so handsomely printed 
and so admirably and lavishly illustrated. Besides the above-mentioned 
works. Dr. George Johnston, of Berwick, one of the best naturalists of Ms 
day, contributed to the series in 1849 a second edition of his History of 
British Zoophytes (originally published in Edinburgh in 1838), in which he 
included the whole of the animals to which the term Zoophyte was then 
commonly applied, namely, the Sea-anemones and Corals, and the Alcyonarian 
and Hydroid Polypes, belonging to the division Ccelenterata of more recent 
zoologists, and the Polyzoa, or so-called Ascidian polypes of some authors of 
that day, which had been regarded as for the most part allied to the hydroid 
Sertularians by the older zoologists, until the distinction between the two 
forms was pointed out by Grant and Milne-Edwards, followed about 1830 by 
Vaughan Thompson and Ehrenberg, and a little later by Dr. Arthur Farre. 

As a matter of course, in the thirty years which have elapsed since the 
publication of the last edition of Dr, Johnston's work, much has been done 
in the study of a group of organisms so interesting to zoologists as thes© 
lowly creatures. Many new forms have been discovered, many points lO 
their history have been cleared up, and new, unexpected, and most remarkable 
phenomena have been observed by the unwearied investigators of the la^* 
quarter of a century. Mr. Gosse's useful and beautifully-illustrated History 
of British Sea-anemones and Corals was the outcome of the general attentioiJ 
paid to these flowers of the sea in consequence of the setting in of the fashion 

* A History of the British Marine Polyzoa. By Thomas Hincks, RA*; 
F.R.S. 2 vols. 8vo. London, Van Voorst, 1880. 



REVIEWS. 157 

of keeping aq^uaria ; the AU^jronarian zoophytes are still waiting for their 
liislorian, tut the rwmainder of the f.irma prnperly included under the t*rai 
ZoophvtcB ty Johii.°toD and the oldM Daturaligte, hare now met with worthy 
treatment at tlie hands of the Rev. Thomas Ilinclffi, whose valunble trealife 
on tbe Sritish Hydroid Zoophjtea appeared in 160^, and is now followed bj 
a ^lendid ■work on the Marine Poljzoa. The few fresh-water Bpecics are 
omitted, as baving been made the subjeut of ft special treatise hj Vt. AUiuan, 
putUahed by the Ray Society . 

The Polyzoa, which include among others the well-known Fluttrip, or bob- 

1 many of the slender, branching, homy zoophytes which enter into 

■ the coiDposition of the so-called sea-weed baskets and picturts familiar to 

o our watering-places, were regarded by LinnKus and his 8ncce=Bor8, 

■doTm to tl;e time of Lamarck and Cuvier, as very nearly related to the 

^Serttdariie and other Ilydroid polypes, the last-named author, in the second 

1 edition of his Mkgne Animal (1629), only separating tbent from the latter 

I ^bis Puljipes vaffiniformfg) as a distinct family under the name of ' Polypes 

1 i cellules,' the distinction being founded on differences of the polypidom, and 

' the animals in both cases said to resemble Hydi'O!, although the greater 

nmpUcity of the Sertularian polype seems already to have struck Cuvier. 

~ II earlier period, it hail been notici^d that the differences between 

tlie animals of different spedes of so-called SrHvlaria were very consider- 

. Thompson's observations were not published until 18iK), but he states 

thftt they were made soon after 1820. He coUed ihe newly-recognized 

fnrmof polype a ' Polyioa,' in opposition to the term ' Hydra ' applied to 

llie indindiial zooids of the true Sertularians and their allies. In the 

niraitime, however, the distinction had heen noticed by Grant and Milne 

lUv&rda; the fact that the new type of structure could be asfimilated to 

tiiUot the Asddians was recognized, and shortly afterwards the group was 

WBoved from the division of Zoophytes to that of the Molluscs, and 

pliced in the immediate vicinity of the Ascidians. Of late years there has 

liMn con-iderable diseusi-ion as to the propriety of the position thus 

"•flRnod to the I'olyzoa, several eminent aothorities being inclined to remove 

tbtm to the Vermes, under which rather miscellaneous head it seems difficult 

■» find their allies ; wbiljt others still mwntain their molluscan affinities, To 

& Utlor opinion Mr. Ilincks adheres, and he strengthens his point here by 

uducing what appears to be a strict homology between the Polyzoon and 

m ]•> "* embryo of the bivalve MoUusca. 

Acutlier matter about which there has been a conwderable amount of 
™PUte is the name which ought to be given to this class of animals, 
'^luon's memoir was publishvd in December, ISSO, and in June, ISal, 
»Ppe«red the first part of Ehrenberg's Syvihola Phi/iiae, in which the 
"uasiaji natuialist establiahod a chiws, ' BryiiKoa,' f or the reception of the 
'viyio5 gjj^ Qf aome other organisms, which he associated with them under 
* "Ustiken notion of their affinitiea. The question that has arisen is as to 
*uc!i of these names should he adopted. On the more question of priority 
"'*•* need be no doubt, always assuming that Thompson projiosed the forma- 
lofa new group of zoophjies under the name of I'olyzoa; otherwise 
■"ryozoa,' if admisaihle on other grounds, will be the earliest name 
'Pplied to the class. The objection raised to ' Polyzoa ' is that it was used 
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"by Thompson in the sing^ar numher, and he speaks ci it as '.a new animal 
diacovered as an inhabitant of certain zoophytes ; ' and he afterwards says of 
the Ffuslra that in many of them he had ' clearly ascertained the ammaJs to 
he Pofyzoa* Mr. Hincks maintains what is perfectly dear, that Thompson 
* used the term Pi>fysoa (in opposition to Hydra) to denote a distmet tjffe af 
structure which he had demonstrated ; ' hut we cannot follow him in holdlDg 
that it ' was not as the mere name of the single zooid/ or that ' PokftoOf as 
he (Thompson) uses it, is essentially a class-designation, and not the name of 
a mere structural element.' We must place ourselves in Thompson's 
position to understand precisely what he meant, and it seems to us that in 
the use of the term Potyzoay in opposition to Hydra, he was merely 
following out the practice of some of the older systematists whose works he 
had studied, such as Linnseus, who uses the term Hydra to designate what 
he calls the ' Acres' of these very zoophytes, just as he used the tenns 
lAmaXf Nereis f Tethys, &c., to indicate the general structure of the animals 
of his Vermes Testacea. In this sense and no other can we understand the 
peculiar mode in which Thompson speaks of his ' Polyzoa/ The term is 
used by him to express a ' structural element' of the composite orgamsm^ and 
not as a class designation. In fact, after reading Thompson's memdr, it 
seems quite clear that he had not the slightest idea of founding a new and 
distinct class, or even order, of animals, as indeed may be seen from one of the 
passages quoted by Mr. Ilincks in support of his own opinion, in which 
Thompson says, ' The Prdyzoa will probably be found in many dissimiiai 
genera of the zoophytes, and even mixed up with the Hydra in some, . . • • 
and hence this discovery must be the cause of extensive alterations and dis- 
memberments in the class with which they have hitherto been associated/ 

Professor Rupert Jones puts the matter in another light, and holds that 
the class Bryozoa of Ehrenberg contains such incongruous elements (the 
Foraminifera forming one great division of it) that the adoption of this 
name is inadmissible, and that we must therefore discard it altogether and 
accept the name of Polyzoa for the class on the authority of Mr. Busk, who 
first made use of it as a definite class-designation. But it is to be ol)8erved, 
on the other hand, that the term Bryozoa was in use as the name' of a class 
restricted nearly as at present many years before the adoption of the term 
Polyzoa by Mr. Busk, and this would again cause the scale to descend in 
favour of the former name. Moreover, Ehrenberg himself did not at first 
include the Foraminifera under Bryozoa. 

We have said so much about the Polyzoa and their name, that our 
reference to the book which has served as the text of this sermon can only 
be a brief one. This, however, is of the less consequence, as the only terms 
in which it can be spoken of are those of unmixed praise, and such laudations 
may be given in comparatively few words. The great body of Mr. Hiocks 
work consists of the systematic description of the species of British MariD© 
Polyzoa, of which he recognizes 2i55, many of them common on differeD* 
parts of our coasts, others only obtained in certain places, or by dredging ** 
considerable depths. The charactera of these species, and of the gener»> 
families, and higher groups to which they are referred, are most carefully 
dt scribed and disjcussed. Mr. Ilincks has devoted particular attention to tb« 
vaiieties displayed by many species, which, as he justly indicates, ha"*'^ 



arqniTBd a spwnal interest in consequence of the direction taken of late joiaa 
liy biologicBl resenrch. Under eacli species, besides the descriptions and 
i-enmvka on the characters, we find a full Ejnonymy, a ftatement of tha 
mode of ccciirrence of the apucieB, n liiit of the British localities whe 
occurs, a full indication of its geographical distribution, and in the eg 
those species trhich occur fossil, ot its range in geological lime. In fact, 
Mr. Hinchs seems to have aimed succe»(fully at making the Byateirnvtic 
portion of his worlc as complete as possible. The student who ninhiM use 
of this book for the systematic investagation of our Marine Poljzoa will 
doubtless find his work compuratively easy, but the subject in itself is by 
no mpans an easy one; the researches necessary for tlie pvmliiction of tho 
present Tolume must hafe been long-continiiud and enviriiiied with many 
special difficulties, and we may hi;artily congratulate Ml'. Blocks 
n^BlIlts of Ills long and arduous labours. 

In hifl Introduction, wliich extends to over J 40 pages, and deals with the 
generalities of the class, its structural characters in geneiid, the production of 
special parta, such as the curious ancularia, or ' bird's heads,' and the vibra- 
culn,and the physiology of the animals, including their reproduction and em- 
liyolngj, we find evidences of the same conscientious care on the part of the 
authiir, wlio citea and discusses the statements contained in all the most 
iHcant publications on these points, selecting and supplementing them by the 
light ot his own researches. This portion of the work is ai admirably dune 
in its way a9 the systematic part, and will serve, not only as a necessary 
f^uide to the proper understanding of the latter, but also as a good summary 
fif thft anatomy and physiology of the class. 

Tlis illustrations conust of 83 plates, formit;g the second volume of 
tlie buok, and of numerous woodcuts scattered through the text of the 
lirrit volume. The Introduction is almoft entirely illustrated with wood- 
engravings, altJiough here and there a jlate is referred to, but for the 
duciJation of the development of the Bryo^.oa the* author has given a plate 
nf beautiful figures, copied from the magnificent work of Dr. J. IWros, of 
miB,OBthe embryology of the« animals. The lest of the plates, iUuatrativo 
uf tLe systematic section of the book, have been beautifully executed in 
KAography by Mi'. Hollick, and with the aid of these and the author's clear 
and precise descriptions, the determination of the species of British Marine 
I'oljioa ought certainly henceforward to present little difficulty. AE the 
>^ulldc^ls, which are distributed more or leas abundiintly throughout the 
vuliuuB of text, are most delicate and beautiful specimens of the art. 
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THE CRAYFISH." 



T^IIE Crayfish is one of the type animals descritctl by Professor Huxley . 
■*■ and Mr. Martin ia their Elementary Biotoijij, and it is also, we believe, 
"16 uf ihosB the struL'turo of which is nlways investigated by the former 1 

* The Crajifiih, an InCi-odvcHon to the Study if Zooloffi/. By T, TI. 
Hwley,F,a8. Small 8vo. C. Kegan, Paul & Co. (luternalional Sdratific 
^■■lu-B), London, 1830. 
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geDtleman's studenU during their course of instmction. Hence we xfiay tals:« 
it for granted that Prof. Huxley is pretty well up in everythii^ relating ^tX) 
Crayfishes ; and when we consider the position of that type in the series of 
animals, it is easy to understand why our author regards it as spedaU^ 
adapted to furnish the text for an ' introduction to the Study of Zoology.' 

In his little volume on the Crayfish just published as one of the ' Int^ Y^ 
national Scientific Series/ Prof. Huxley describes in the first place tbc 
natural history, structure, and physiology of that interesting little 
Crustacean, and then proceeds to show what lessons in general zoology me^y 
be learned by the intelligent application of the spedal knowledge thxxa 
acquired. His first chapter is devoted to the natural history of the animsfc^l^ 
and includes neces.arilya general account of its external structure. The 
second and third chapters deal with the physiology of the Crayfish, ajid 
include the description of its internal anatomy ; the fourth treats of the 
morphology and development of the animal ; and the fifth of its comparative 
morphology, its relationship to other linng forms, and the general zoological 
teaching to be derived from the consideration of the results of the special 
study of its structure. The line of thought started in this last chapter is 
continued in the sixth and final one, in which the author discusses the dis- 
tribution and aetiology of the group of Crayfishes, and indicates the beaiiog 
of investigations, such as those to which the previous chapters are devoted, 
upon those higher questions of biological philosophy, the origin of species, 
and the causes of the relationships existing between the members of groups 
of organisms, and between these groups themselves. The whole subject ]s 
developed in the most admirable manner, and we may fully grant the author^s 
claim on behalf of his book that * whoever will follow its pages, crayfish in 
hand, and will try to verify for himself the statements which it contaiiWi 
will find himself brought face to face with all the great zoological questions 
which excite so lively an interest at the present day.* 

We have yet a word to eay about the illustrations, which are numerous, 
well adapted to their purpose, and exceedingly good ; most of the figures of 
Crustacea, and especially those of the Crab and of the species of Lobster, 
are indeed very beautiful specimens of wood-engraving. 



A BIOLOGICAL ATLAS.* 

SIDE by side with Pi of. Huxley's Monograph on the Crayfish, we may 
notice MM. M' Alpine's Biological Atlas, as this is to be regarded to a 
great extent as illustrative of another book of which the Professor is part 
author, namely, the Mementary Biology published by him and Mr. H. N. 
Martin in 1875. That excellent little work was in point of fact the outcome 

— ^ — I 

* * Biological Atlas, a Guide to the Practical Study of Plants atid Ammdh 
adapted to the requirements of the London Unive7*sity, Science and Af^ 
Department, and for use in Schools and Colleges, laith Accompanying Text, 
cmitaining arrangement and explanation, equivalent terms, glossary, fl*"" 
classij: cation. By D. M'Alpice and A. N. M' Alpine. 4to, W. & A. K* 
Johnston, Edinburgh and London. 1880. 
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^e course of biological instruction given hj Professor Huxley to his 
Lents in his laboratory at South Kensington, and it described the characters 

methods of investigation of a selection of plants and animals which might 
e ' to exemplify the leading modifications of structure which are met 
li in the vegetable and animal worlds/. The organisms selected were the 
3wiBg : — The Yeast-plant, Protococcus, the Proteus-animalcule (in con- 
Lon with which the phenomena presented by colourless blood-corpuscles 
e noticed), Bacteria, Moulds, Chara, the Bracken Fern, the Bean-plant, 
L-animalcules, Hj/dra, the Freshwater Mussel, the Crayfish and Lobster, 

the Frog. Of all these types the external structure and life-history were 
Lcated, the anatomy and physiology described, and the mode of investigating 
ir structure and functions noticed in detail, but the text was not accom- 
ied by any illustrations'. This want is to some extent now supplied by 
I. M' Alpine's AtltM, which, contains a series of coloured plates showing 

characters and structure of the organisms above cited, and illustrating the 
alts of practical work carried out in accordance with the directions given 
the Elementary Biology, The authors of the Atlas have, however, added 
;htly to the compass of the descriptive work, by the introduction of the 
•rse-chestnut as a second flowering plant, and of the Earthworm and 
sdl as additions to the series of animals illustrated, and these latter augmen- 
ions of the original plan are certainly very judicious. We think that the 
ther addition of anr air-breathing Arthropod, especially of a representative 
the Insecta, would have been advantageous. 

The twenty-four plates composing this Atlas contain figures of the 
ranisms above referred to and of their organization as displayed by the 
Kjesses of dissection applicable to them. They are printed in colours, the 
ours being used for the purpose of distinguishing the various organs or 
items of organs. Hence the figures are necessarily diagrammatic, but 
hough rough, and not always quite so accurate as they ought to be, they 
ty be of considerable service to biological students, especiaUy to those who 
J attempting to gain a knowledge of the structure of organisms by the 
Hjess of self-instruction. We notice one other defect, namely, that in 
^y cases the soale^of the enlarged figures is not indicated. Tnis is a point 
great importance for beginners. 

Each plate is accompanied by a leaf of explanatory letter-press, which 
^es the necessary information as tb tiie significance of the figures. At the 
ginning of the book there are also a ffew pages of general directions for 
actical work, indicating the instruments and reagents required for carrying 
t the course of study illustrated by the plates, and also the mode of 
ocuring and examining the various organisms referred to. 



BOTANY FOR CHILDREN.* 

^VERY one knows how the late Professor Henslow, in civilizing what 
"^ was said to be, when he took it^ one of the roughest parishes in 

* Botany for Children. An illustrated Elementary Text-book for Junior 
^*88e8 and Young Children. By the Rev. Geoige Henslow, M.A., F.L.S., 
^' Sm, 8vo. London : E. Stanford, 1880. 

NBW series, vol. IV. — NO. XIV. M 
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England, found the practical instruction of the schoolrchildren in Botan} 
exert a most ameliorative influence upon their minds. His son, the Rev 
Georgt^ Henslow, anxious to place in the hands of country clergymen anc 
school-teachers the means of employing the same method of cultivation, ha: 
written a little hook of practical instructions under the title of Botany fv, 
ChUdreny which, he hopes, may serve to indicate to teachers the mode a 
leading their younger pupUs to a comprehension of the simpler facts c 
Botany, and to guide children of larger growth in their first steps in tli 
study of the science. For this purpose he has selected a certain number c 
common flowering field-plants, belonging to various natural orders, and d^ 
scribed in the plainest possible terms the mode in which their structu. 
should be investigated, indicating at the same time the way in which tl 
facts thus ascertained are applied to the classification of plimts, explainla 
the physiological functions of the various parts, and very briefly discussLi 
the general principles of vegetable morphology. The choice of {^nts -f 
investigation seems to have been very judiciously made, although it i 
perhtps, to be regretted that a few more orders are not represented. \^ 
notice especially that no example is cited of so important a group as tl: 
Umbelliferae, which surely ought to have received some notice, many of it 
members bein^ such striking objects that the young botanist can hardly helj 
wishing to know something about them, whilst their structure is remarkabL 
and exceedingly interesting from a morphological point of view. Tbi 
Urticacese, Papaveracese, DipsacesB, and some other groups, are in the same 
case. Nevertheless, the readers for whose advantage Mr. HensloVs littl< 
book has been prepared^ have every reason to be grateful to him for tb€ 
trouble he has taken to make the path before them smooth and easy foi 
their first uncertain steps ; and we may say with confidence, that any jous^ 
botanist who carefully follows out in practice the course of study here lai<^ 
down, will arrive at the close of his first summer with no inconsiderable 
amount of precise knowledge, which will render his further progress conci 
paratively easy. We may add, that the little volume is illustrated with * 
series of very characteiistie figures of the j^nts noticed, with details of thei 
floral structure, nicely executed in lithography, by the hand, we presume, c^ 
the author himself. 



INTELLECT IN ANIMALS.* 

WITH the revival of the doctrine of the origin of species by a process o^ 
evolution, which was brought about by the publication of M^** 
Darwin's celebrated work on the subject, the relation of man to other 
organisms at once became a question of great prominence. It was evident 
that, man being physically an indubitable mammal, he must, on this side 
of his nature at any rate, be regarded as subject to the same laws as the 
rest of the organic world, and the expressed or implied recognition of this 
fact certainly gave rise to much of the opposition with which the ne^ 



* Mind in the Ijyvoer AnimaU, in Health and Disease, By W. Lauder 
Lindsay, M.D. 2 vols., 8vo. C. Kegan Paul & Co., London, 1870. 
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rtiictrine had to contend. People who were quite contented to speak of tlie 
ap*-?* a! ' our cousins.' and to retard them as unqueetionably the nearest rela- 
tions of maukiDd, tnkiiig those words in a merely clas^ificational sen^, and 
'*'ho, on the other hand, would probahly have hud no objection to accept the 
iheorj- of evolution if confined to plant.i and the lower animals, cried out 
loudly against the new view at soon as it appeared clearly that if they were 
true tor one series of organiama they must apply equally to the whole. ' The 
d*3r*iitT '>f man ' was said to he gravely compromised hy any auch admigBion 
»a this; and it will he rememhered by many that this sentiment was the 
flagiiie prineiptilly employed to bring the (reneral puUic into a stale uf 
feeling- antaponjfltic to any hypothesM of evolution. 

Side by side with these considerations, founded on th" so-called ' dignily 
if man,' and, indeed, to a considerable extent springing from them, or 
[orrning part of tliem, came certain religioua or theological objections, which 
were not without considernble influence. Divinea and religious writers had 
for many years held it a* a fixed principle, not only that man was the only 
rf>asumng being, but that his rationality was due to the posfesaion of a soul, 
in advantage said to be denied to all lower animals; and then, arguing 
-i^mcwhat in a circle, the exclusive possession of reaaon by man was taken as 
< vid^nce of his having a eoul. Hence it is easy to understand how the dis- 
P'it* gs to the identity, or otherwise, of the mental phenomena of man and 
iither animals, became really the turning-point in thia discusaion ; fur it is 
luiiB dear that, in caaa the identity was demonstrated, there woii'.d b- no 
gi^nod for denying soula to ell animals (as indeed has been maintained hy 
the Rev. J. G, Wood): or else the evidence hitherto relied on for demon- 
strating the existence of the soul in man would become nugatory, and sae\ 
BVidenee would have to be sought somewhere else. With this, however, we 
^vb nothing to do ; the only object of the preceding remarkif being to indi- 
^*te the principal reasons which have caused such attention to be given of 
wte jeara to the comparison of the m intal operations of man and animals. 

Id two of hia works : On the Descent of Man, and On the Expretfinn of 

"*^ Einatiom in Afaii oiirf Animah, Mr. Darwin has himself treated more or 

*«« fully upon these matters; and the question will be found handled in 

Breatar or less detail in nearly all the numerous books in which the possible 

'"igia of man by evolution from some lower type of organism has come 

"Oder consideration. The Itev. J. G. Wood has devoted a special work 

'i l« tho attempted demonstration of the precise agnwment between the mental 

k Pbeuomena of man and animals {Man and Bead, 3 vola., IB74); but betacJis 

* argument in this direction a somewhat unfortunate corollary, 

I ttiiaely, that thia identity being proved, it follows that all animnlH, as well 

" Uin, posaeas immortal aouls. 

Cpon the general qnaation of the identity in kind of the mental opera- 

I wim af animata and m<en, it seema to us that no one possessing fair powers 

I ''' observation and analysis who has ever made a friend of hia dog can 

r Wertsjn the alighteat doubt. It ia not so much upon special instances of 

'llelligenee (of which we have had rather a surfeit in the columna of Nature 

Ouriig the last two years), but rather upon the general behaviour of the 

*'umal, hia daily Lebai und Treiben, that we would rely. In all such 

e have example of reasoning, at least H 
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profound as the faculty manifested by young children and some of 'tihe 
lower races of men, whose most abstract reasoning always relates solely ^ 
their material wants. 

In his book entitled Mind in the Lower Ammals, the most elaborate T«rc7^^ 
that has appeared upon the subject. Dr. Lauder Lindsay has followed <^^. 
this line of research in a most complete fashion. Commencing with a gene^^*^ 
consideration of the principles of investigation of the subject of ' ComparstL"^ 
Psychology/ he points out the causes of erroneous notions upon this matt^^^ 
and the method of study to be pursued, discusses the gradual evolution 
mind in the ascending zoological scale, and certain other general mattei 
winding up with a very curious chapter on unsolved problems in tt:^^^^^® 
psychology of the lower animals. Proceedin:^ then to the normal mamfe8W=^-^' 
lions of mind in the lower animals, he indicates at starting that he mu ^^^ 
compare these not with the phenomena presented by adult cultivated peop^^^®» 
but with the intellectual manifestations observed in * early states or stages ^^ 

human society, aa illustrated by primitive or savage marif and with ' tCTTie 
infant or child of civilized parents,' adding to these, however, idiots, insa r *Ti e 
people, criminals, with certain other conditions of men, cited for specf~^^=ial 
purposes. It will be seen that Dr. Lindsay lays a very wide foundation ^^Hor 
his arguments, but for practical purposes the first two categories, name^— — ]j^ 
the reprebentatives of savage races, and the children of civilized peoples, ^^m^re 
of the most importance, and indeed figure most prominently in all secti^^HOiis 

of the work. In these the author analyses and compares successively ^e 

mented phenomena of man and other animals undet the heads of Morality ^E=ip(f 
Religion, Education, Language, Adaptiveness, and Fallibility — ^the last natzzasecf 
including the discussion of instances of errors committed by animals, decept^ ons 
practised and practical jokes performed by them; whilst under Adaptive :B3ea? 
we have notices of a peculiar series of phenomena, such as social organizati^io!?^ 
the existence of something like law and punishment, the use of instrumc^utsi, 
clothing and shelter, the faculty of numeration and power of calculation. 

It will be seen from this bare enumeration of subjects how thorougWj 
Dr. Lindsay has entered into the matter before him, and the multitude of 
citations which he makes throughout this portion of his work bears testimooj 
to the conscientious labour which he has bestowed upon its preparation. If 
we were bound to find fault with it, we should say that it is too elaborate: 
the author seems to have aimed at saying ever3rthing that can be said on the 
subject, and in consequence dwells with what seems to be a rather unneces- 
sary circumstantiality upon points which might perhaps have safely been in- 
dicated and then left to take care of themselves. 

The outcome of the whole discussion is, we think, a complete demonstra- 
tion of the absolute identity in kind of the normal mental manifestations of 
the lower animals with those presented by savage tribes and by the children 
of civilized peoples ; but our author is not contented with this, and in a 
second section of his work goes on to show an almost equally close analogy 
between the abnormal mental phenomena in man and animals. There is 
much that is exceedingly curious and interesting in this part of his book, in 
the preparation of which the special attention paid by the author to insanity 
Jn the human subject bas stood Yivm in good stead ; but the view maintained 
bj^ him follows so naturally from t\ie demoTi&\.t^>asm ol \)aft \^<scALt^ of the 
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^enomena under normal conditions, that we need not refer to it further 
are. 

This portion of Dr. Lindsay's book is followed by an appendix containing 
bibliography of the numerous works from which his facts have been 
^rived, and elaborate tables of the genera and species of animals referred to 
^ the text, the whole concluding with an elaborate analytical index, a most 
■^portant adjunct to a work of this nature. In fact, as we have already 
^^Uted, Dr. Lindsay's aim throughout has been to recder his book as perfect 
*^ possible, and it will not only be read with great interest and profit, but 
'^^ serve as a complete book of reference on the subject of which it treats. 



POPULAR GEOLOGY.* 



SOME three years ago Mr. Arthur Nicols made his dSbut as a writer on 
Geology, by the publication of a little book entitled The Puzzle of Life^ 
J^ which he endeavoured to explain, in terms suited to the comprehension of 
s^ery young students, the general teachings of Palaeontology as to the nature of 
bhe animals whose existence is revealed to us by their fossilized remains, and 
fts to the succession of life upon the earth and the arguments founded 
thereon with regard to the history of the earth itself. We felt bound to 
speak in terms of praise of this first effort of Mr. Nicols, which we suppose 
was a successful one, seeing that he has been encouraged to come forward 
again with a rather more ambitious scheme, his present Chapters from the 
Physical History of the Earth being designed as neither more nor less than a 
general popular treatise on Gteology. 

Mr. Nicols divides his book into two parts, the first of which deals with 
Physical Geology, the second with PalsBontology. This second part appears 
to us to be very satisfactorily done. From its small extent it is of necessity 
sketchy ; but the author seems to have grasped very well the conditions of 
the problem set before him, and we find some of the most recent palaeonto- 
logical discoveries referred to in their proper places. This part is arranged 
in historical form, that is to say, the fossils are described under the forma- 
tions in which they occur. The section on Physical Geology is also fairly 
well done ; but here, as might perhaps be expected, we meet with occasional 
inaccuracies which detract somewhat from the merit of the work ; as at p. 17, 
where cleavage and bedding are confounded ; at p. 28, where hornblende is 
mentioned as an essential constituent of granites ; and at p. 33, where we are 
told that rocks are 'principally aggregates of sulphates, carbonates, and 
silicates, associated with oxygen.' The illustrations are much the same as 
those used in the author's former work, but with a few additions.' 

* Chapters from the Physical History of the Earth : An Introduction 
to Geology and Palaeontology. By Arthur Nicols, F.G.S. Small 8vo. 
London : C. Kegan Paul and Co., 1880. 
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FIELD GEOLOGY .♦ 

A CAREFUL geological survey of a country or district is of essential 
importance, in order to obtidn an accurate knowledge of the position, 
extent, and composition, of the different formations, in regard to either their 
scientific or their economical bearings. Aid in this direction it is partly the 
object of I^ld Oedogy to supply. The second edition of this work is con- 
siderably revised and augmented, additional matter to the extent of one 
hundred pages being incorporated throughout. The work consists of five 
parts; the first and second parts comprise an account of the necessary 
instruments, and their application for geological surveying, with diagrams 
and examples illustrative of the manner of tracing boundary lines of forma- 
tions and constructing geological maps, and thus includes such instructions 
as are essential to the woiking out, either for scientific or practical purposes 
the geology of a district. The third, or lithological part, contains some 
general remarks on the character and structure of roefci and veins, notes on 
the more conmion minerals and metallic ores, their mode of occurrence, and 
the means by which minerals and rocks are determined ; this is further use- 
fully illustrated by a series of tables of tests for their determination in the 
field or in the cabinet. 

The Palseontological part, by Mr. Jukes-Browne, is much improved and 
enlarged, and lists are given of the characteristic genera of each geological 
system, and of characteristic fossils of the chief sub-formations of each 
jsystem. 

The fifth part is devoted to the scientific and practical results of field 
geology, and treats of springs, streams, artesian wells, and physical features, 
as dependent on the geological structure of the district with which they are 
associated. A few typographical errors occur in the lists of fossils ; the 
older palseozoic rocks, Cambrian and Silurian, are differently grouped by the 
two authors at pp. 51, 280 ; and the latter again does not quite accord with 
the remarks in the last paragraph on p. 266. 

Altogether the work is considerably improved, and will form a useful 
field guide to those engaged in geological surveying. 



* A Text-Book of Field Geology, By W. Henry Penning, F.G.S. With 
a section on Palaeontology. By A. J. Jukes-Browne, B.A., F.G.S. Second 
edition, revised and enlarged. Sm. 8vo. London: Bailliere, Tindall, and 
Cox. 1879. 
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ASTRONOMY. 

Occultation of a Star by Jupiter, — On September 14, 1879, a very in- 
teresting phenomenon was observed at the Melbourne Observatory, the 
occultation of the 6^-magnitude star, 64 Aquarii by the planet Jupitei'. 
The phenomenon was observed by Mr. Ellery, with a magnifying power of 
300 on the 8-inch equatorial telescope, under very favourable circum- 
stancesy the sky being clear and the definition steady and good. Mr. Ellery 
describes his observations as follows (M. N. of Roy. Astr. Soc, Vol. XL., 
page 140) : — *The smallness and faint light of the star as compared with the 
satellites first attracted attention. The star first appeared to touch the 
planet's limb at 10** 5™ 19* Melbourne mean time, and was visible in that 
position for nearly two minutes, when, while still making a projection on the 
planet's outline, it all at once appeared as if seen through a mist or haze, and 
entirdy projected on the planefs limb. This faded away in about ten seconds, 
leaving still a decided nipple-like projection on the edge of the planet, as if 
the planet itself bulged out, without any signs of the true light of the star ; 
and at 10** 7°* 43"*8 this disappeared leaving a clear outline to the disc.' 
The occultation was also watched by Mr. White, the first assistant, with a 
power of 200 on a 4i-inch equatorial reflector. The phenomenon seen 
agreed with that noted by Mr. Ellery, but the times were 10** 6™ 23*7 and 
IQh 7m 40''4 respectively, the two first differing very materially from that of 
Mr. Ellery 's, but it is very doubtful if they refer to the same phenomenon. 

Mj. Turner observed the occultation with a power of 360 on the great 
Melbourne Reflector qf four feet aperture. He states : ' At the moment of 
contact, the star did not instantly disappear, but seemed to possess a visible 
diac, the limb of Jupiter seeming to advance gradually upon it, the star by- 
and-by appearing to be bisected and then gradually disappearing altogether. 
The time of final disappearance was 10** 7*** 47**6 Melbourne mean time. 
The time of first contact was about 3(5* before final disappearance, — certainly 
not less; it might be more. For about 10* after disappearance the star 
could be seen through Jupiter's atmosphere as a speck of light seen through 
gPTound glass.' 

These obsen^ations are of great interest, though it is probable that the 
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interpretation which has been given to different stages will require material, 
moditication. The planet was moving over the star at the rate of about 
(y''^^ per minute, so that the final disappearance of the star was well in 
accord, but the time at which the planet seemed to touch the star differs veij 
materially, being 10»» 5» 10" with Mr. Ellery, about 10»» 6» with Mr. 
AVhite, and 10*» 7™ with Mr. Turner. This undoubtedly arises from the 
spurious disc given to the star and the spurious fringe given to the limb of 
the plan«*t fnim the diffraction effect of the telescope. What was taken for 
the Htar txH>n through the atmosphere of the planet, was almost certainly the 
spuriouK disc of the star seen through the larger spurious fringe of the planet. 
Any effect really due to the atmosphere must have been completely masked 
by this effect, due to the spurious irradiation disc given to all objects by 
diffraction in the telescope. 

The occultation of a star by the planets has been frequently suggested 
as a method for determining the solar parallax, and were the phenomenon 
in.-4tantaneoiis it would be remarkably well suited for the purpose. Its great 
drawbacks are the infrequency of the phenomenon and the difficulty of 
oi)8erving the instant of the disappearance of the star at the bright edge of a 
planet. The present o))8ervation seems, however, to be rather favourable to 
the method, for the difference of the times of the observers from the mean, 
despite the very great difference in the instruments, is only — 0**1, — 3"*5, 
and -f- li^'Tf corresponding to a difference in the place of the star of — 0"'0005, 
— 0"*017o + 0"*018f>, whilst the uncertainty in the parallax would give an 
uncertaintv of i 0"*0;3. This is the onlv modem observation of the occulta- 
tion of a star by a planet, the last being one by Sir James South, nearly half 
a century ago. 

Star Si/stems. — Mr. Stone, F.R.S., the Eadcliffe Observer, has recently 
drawn the attention of astronomers to a most interesting system of stars in 
the Southern Hemisphere, which seem to present a remarkable case of an 
apparent connection between stars widely distant from one another. 
Astronomers are familiar with cases of double stars, which seem connected 
together in some manner analogous to the Earth and the Moon. But these 
stars are very close to one another, being only separated by a few seconds of 
arc. In the present case the stars form an isosceles triangle, with sides 
nearly 20 degrees in length and with a base of over 30 degrees. This 
system of stars consists of two stars ^^ and ^ JReticuli, forming the apex 
of the triangle and scarcely as bright as the fifth magnitude; ? Toucam, 
a fourth magnitude star at the southern base angle ; and e Eridani, a star of 
between the fourth and fifth magnitude, at the northern base angle. All 
four stars are invisible from England. Besides the apparent motion in Right 
Ascension and the North Polar Distance, which is possessed by all stars, 
astronomers have long recognized the fact that many stars possess a real, 
independent motion in space, which, though much smaller than their 
apparent motion, is still too large for its existence to remain in doubt. 
In general this proper motion, as it is called, amounts to only a small 
fre,ction of a second of arc per annum ; but in some few cases it 
nts to considerably over a second of arc, or even to over two or three 
of arc. In forming the Great Catalogue of Southern Stars, which has 
nain work of the Royal Observatory at the Cape of Good Hope 
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whilst under his direction^ Mr. Stone was led to examine all the cases of 
supposed great proper motion in the Southern Stars of the British Association 
Catalogue. In the greater nun^befr of cases they were found to arise from 
defective observations, but in some few cases they were confirmed. The most 
noteworthy instances were the group to which Mr. Stone has directed atten- 
tion. From a careful consideration of each case, Mr. Stone arrived at the 
following conclusions : — 

That the four stars of the group under consideration have proper motions 
much larger than the average proper motions of stars. 

That the stars have a common proper motion of more than a second 
of arc. 

That each star of the group is moving away from every other star of the 
group, by quantities which are small compared with the common proper 
motion of the group. 

That, roughly speaking, the velocities of separation are larger, the larger 
the present angular separation of the stars. 

From these conclusions it seems probable that aU these stars are slowly 
moving away from one conunon point, so that many years back they were 
aU very much closer to one another, and may have formed part of one com- 
mon star system. With the present rate of motion of separation it must 
have taken these stars over three million years to have moved to their present 
positions from a point where they would have been close together. Mr. 
Stone remarks that it appears to him that such a system as the present one 
may have originated from a system of stars like a^, and Oj Centauri, which 
consists of two binary stars moving round each other, and with a large com- 
mon proper motion, having by reason of that large common proper motion 
l)een brought sufficiently near to another binary double star to disturb the 
orbital motion of each and change the motion of each from closed to open 
orbits. The whole question opened by Mr. Stone is of the highest interest 
and deserves still further investigation, when the proper time arrives. 

The Nebula in the Heiadea. — Some twenty years ago. Temple, whilst at 
Venice, discovered, with a 4-inch telescope, a fine, bright nebula close to the 
bright 9^T Meropemihe Pleiades. It was elliptical in form and covered an area 
of nearly a fifth of a square degree. Temple showed it to Valz and other astrono- 
mers, and it was seen by Peters with the S-inch equatorial of the Altona Obser- 
vatory. Subsequently it was looked for by other observers either without success, 
OP else seen as a very faint, indistinct object. Even Temple, though it is true 
with another instrument and in another locality, describes it as being far 
less distinct than when first seen. Subsequently, when observing near 
Florence with larger instruments. Temple saw the nebula as large and 
as bright as ever. Prof. Schiaparelli of Milan also observed it with the 
fine refractor at Milan, and describes it as bright and distinct, and com- 
pletely surrounding the star Merope, whilst outlying portions seemed to 
extend as far as Electra, Schiaparelli remarks : ' It is singular that so many 
persons should have examined the Pleiades without paying attention to this 
great nebula, which nevertheless is so evident an object on a clear sky.' 
Maxwell Hall, in Jamaica, also found the nebula very bright with a 4-inch 
telescope, and shows it as nearly half a square degree in area. Several 
astronomers came to the conclusion that the nebula was variable. Others 
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even doubted its real existence, and were inclined to ascribe its sappoeed 
observation to the effects of atmospheric action. Of late it has been drawn bj 
several obf^erwrs, so that its real existence cannot now be questioned. During 
this year it has been looked for by Mr. Common with the great d7-incb 
reflector at Kaling. The nebula was seen as a distinct object of con- 
siderable extent, but beyond it, and right within the Pieiades, were discovered 
two others, both long elliptical nebulie of tolerably well-defined (orm. There 
seems reason to believe, therefore, that the entire background of the JPleiades 
is nebulous. 

Supp**sed Changes on the Moon. — Two years ago those astronomers who 
take especial interest in oh«er\'ing the Moon were startled by the announce- 
ment by a German astronomer. Dr. Hermann J. Elein, of a remarkabfe 
change on the lunar surface, due to the sudden formation of a great, black 
crater over three miles in diameter. This new formalion was stated to have 
appeared in a comparatively open region of the Moon, near the great valley 
rill of Ilyginus. A full account of the early history of this supposed case of 
a real physical change on the Moon will be found in the Popular Science 
Hevietc for April, 1870. The great interest of this announcement lies in the 
fact that according to the opinion generally held by astronomers, all active 
change on the lunar surface had long ere this died away; though, on the other 
hand, there have been few, if any, of these astronomers who have devoted 
much time to the study of the lunar surface, who have not strongly expressed 
their dissent from this opinion. It so happens that this region near Hyginus 
had been especially well studied, and had been frequently drawn, and not 
only in the past, but within very recent times. It was therefore at once 
recognized that this reported change, if confirmed, would afford a crucial 
confirmation of the view that real changes of great magnitude were still 
occurring on the lunar surface. If this were so, then at any moment the 
limar surface might present us with the opportunity of studying a great 
volcanic eruption, covering the surface for miles with lava and filling the 
surrounding region with clouds of ashes. Even if no volcanic eruption were 
to take place, at any moment a grand landslip might occur, presenting a 
magnificent spectacle as some great mountain mass rolled crashing down a 
slope, ploughing up the surface before it and raising enormous clouds of rf^^ 
as peak after peak fell with terrific energy into the depths below. There 
could be no doubt that the establishment of a single case of actual physical 
change on the Moon would increase manifold the charm and value of lunar 
observations. 

In the article in the Popular Science Review for April, 1879, the history 
of this supposed new formation terminates with the close of February of the 
same year. At that period it was still uncertain whether any new object 
had really made its appearance in this portion of the lunar surface. That a 
number of observers had seen something in this region was unquestionable ; 
but then others had failed to recognize anything of the kind. Tlie only two 
experienced lunar observers who had seen this region under proper illumiDa" 
tion, were Dr. Klein, its discoverer, and Prof. Julius Schmidt, the gJ*** 
selenographer of Athens. Little was known about the observations of the 
latter, and the former had only seen it properly on one night. Others, 
including more than one who were thoroughly familiar with the region, had 
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completely baffled in their attempts to see this region by the extra- 
ary run of bad weather. At the epoch, therefore, of the article in the 
Jar Science Review for April, it had been found impossible to arrive at 
lefinite conclusion. 

*iverything has now changed, and at the present time it is possible to 
re at a definite conclusion about the remarkable formation first obeer\*ed 
3r. Klein, and named * Hyginus N,' by the authority of the Selenographical 
iety. During March and April it was observed and drawn by Mr. Neison, 

had paid particular attention to the delineation of this portion of the 
ion, and who at once recognized it as a great, conspicuous object which 
IS certainly not visible when he had drawn this region on many occasions 
tween 1871 and 1876. Mr. N. E. Green also observed this formation on 
e same occasion as Mr. Neison, and their drawings published in the Selena- 
tphical Journal for June completely confirm one another. It was also well 
Bn and drawn by Dr. Klein, and likewise by Messrs. Durrad, McCance, and 
idler, and by MM. Gaudibert, Borefoy, and Sluyaert. Later on, towards 
e end of the year and beginning of this, it was again seen and drawn by 
68818. Neison, Green, Capron, Conmion, Noble, and Durrad. Moreover, as 
08t of these observers were astronomers practised in observing and drawing 
e lunar surface, their drawings were found to be perfectly accordant, 
id left no room for uncertainty as to the exact position of this remarkable 
mation. A series of micrometric measures, by Mr. Neison, fixed its place 

1 the Moon as + 9** 5' of selenographical latitude and + 6" 47' of seleno- 
"aphical longitude. 

There can be, therefore, no longer any doubt about the actual existence in 
lis region of a great, black, crater-like formation, nearly as large and quite 
i conspicuous as Hyginus itself, and far too distinct for it to be possible to 
^eriook it whilst drawing the minuter objects in the region all round it. 

Now there can also be no doubt, that, on numerous occasions prior to 
576, this region was examined and drawings made by many obsen'ers, 
iduding Schroter, Lohrmann, Madler, Gruithuisen, Kinau, Schmidt, and 
eison, yet though they delineate many difficultly visible details, none 
rew OP even saw this great black crater-like object which now stands so 
Jnspicuously in the very midst of this region. The only conclusion to be 
fawn seems to be that at this period it did not exist. If this be so, it must 
ive been formed between 1876 and 1877. It is therefore the first thoroughly 
ithenticated instance of a real physical change on the Moon. What this 
lange really means, must be left for further observation td elucidate. 

Great Comet of February. — From telegi*ams received from Dr. Gould of 
^rdoha, Buenos Ayres, and Mr. Gill, Her Majesty's Astronomer at the 
^pe of Good Hope, astronomers were led to expect that a great comet was 
oving in the Southern hemisphere towards the north, and would become 
^ble in the second week in February. Anxious watch was kept at many 
^Tvatories, but no trace of this great comet was seen. Letters subse- 
lently received from Mr. Gill showed that the telegrams had been mis- 
iderstood, and that though a great comet was moving in the Southern skies 
^aids the north, its path carried it in such a manner in regard to the Sun 
*t it must remain invisible in the northern hemisphere. Astronomers 
*^o had been anxiously awaiting a chance of seeing a great comet were 
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once more disappointed. It Lb remarkable that nearly twenty years have 
by since a great comet was visible in the northern hemisphere, the 
approach to one being Coggia's Comet, which was visible to the nake< 
as a bright comet for several nights during the early summer of 1876. 

From the description of this great Southern comet which has been rec 
from the Cape of Good Hope and from St. Helena, it would seem to 
been remarkable for the great length and brilliancy of its tail, which exte 
over the heavens for nearly 90°. The nucleus seems to have been inconi 
able. The comet seems to have moved in an orbit greaXlj inclined t 
ecliptic, and to have passed its perihelion in the latter part of Jam 
sweeping roimd in an orbit very close to the Sun. It carried its taU in 
a manner that it lay almost parallel to the plane of our horizon, so 
though very vivid in the southern hemisphere in those latitudes, the 
must have been nearly parallel to the plane of the horizon, and so have 
buried in the mists inseparable in the spring from a low altitude. 



BOTANY. 

The plants used in making Curare, — M. Q. Planchon finds that 
different species of Strychnos constitute the true basis of the poison ki 
under the name of curare or urari, as made and used in four different re| 
of South America. In British Guiana, as Schomburgk ascertained 
principal ingredient of the curare made by the Macusis Indians, h 
species described by him under the name of Strychnos toxifera^ w 
however, is associated with two other species, 8. Schomhurgkii and S. a 
In the Upper- Amazons region the Pebas Indians prepare their arrow-p 
from a species described by Weddell as S, CastelnoBana, in honour of J 
Castelnau, who obtained it during his South American travels. It is us 
associated with a species of Cocculus (C toxicoferus, Wedd.). FroD 
region of the Eio Neg^o, the roots, stems, and leaves of the plant used, 
sent to Paris at the time of the Exposition of 1878 ; it proved to 
unknown species, and was described by M. Planchon under the nai 
Strychnos Chuhleri. Lastly, the Koucouyenne and Trios Indians of I 
French Guiana employ a species described by M. Planchon as Stry 
Cr&vauxiiy in honour of M. Cr^vaux, who lately brought specimei 
Europe. He states that on the banks of the Parou, an affluent o 
Lower Amazons, this plant bears the name of ourari or urariy althoi 
is quite distinct from the species so named elsewhere. ( Comptes Be 
January 19, 1880.) 



CHEMISTRY. 

T?ie Artificial Prodtiction of Manganese Bioxide, — By long-continue< 
constant heating of manganese nitrate in a fiask, in an oil-bath or pai 
bath at 165" to 162% Gorgeu (Com^^. JBcne?., 1879, 796) succeeded in obt» 
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ctygtals which in form, hardnesB, specific gravity, colour, streak, 

cWnticol compoaitioii, agreed with pjrolu^te. This experiment bears< 

qu^etion, how has pyroluute been produced in nature P and the nutbor made 

□umberlesa experimeote Tcith the purpose of aolring this problem. He has, 

towever, not succeeded by any other method than that given above in 

forming pyrolufdle. While the author ventured to believe the method 

wliich has been hit upon els that employed by nature for the formation of 

pjTolumle, he directs attention lightly to (he almost absolute puri^ of tli» 

iiturol product, and shows ali^o that hy the artificial method, even nhea- 1 

UDpnritias are added to the manganese nitrate, crjatala of pyrolusite, which 

(*parefB, are likewiiie pure. He concludes from this that in nature or by th» 

uliGcial formation of pyrolusite the iron nitrate which id added as an im«'1 

purity separates before the eryatallization of the pyrolusite. 

The Crystalline /anni if Ferriimanffa'nege.—Thu interesting- question has 
Wn investigated by E. Mallard. Alloys of these metnlfl have been formed 
cnntsjiiing manganese varying in amount from 11 to 85 percent. With 
qmndties of manganese varying from 11 to 52 or 53 per cent, the crystalline 
form remains unchanged : a rhombic prism on P (110) of 112° 33' with iha 
piiieuid CD P oj (010), The pinocoid is k largely developed generally that < 
tie prion's faces are n.suolly in the form of lateral stripes. When the mang^ 
Mse reaches 52 to o5 per cent the crystalline form suddenly becomes another, 
vUch in it« general habit approaches bmall hexagonal prisms, and consists of 
arbombic combination co P (110) with on ai^le of about 120° and the pina- 
iwd 01 P s (010). {Jahrhuckfiir Minerakffie, 1(<70, 617.) 

VetbiamandNanixgium. — In a few notes on these bodies by C. Eammelft- 
l*rgi which appear in ihe Berichte der dBotacken ckein. GuscUschaft, bfl ■ 
pMlsout that Signor A. Scacchi has made n communication to the Academj* . 
rf Sdencesof Naples onanexaminatioD of certain green and yellow incmstft"- 
Uooa which cover the fissures in the lava of Vesuvius of the year 1631t. 
"1^^ consist of siUcates, and cnntain copper, lead, and a body which lie con* - 
fifors new, and which iie has deMguated Vesbium, from the nld name of; 
^esorins. The small quantities of this substance hove allowed of only pre-i 
ImuDuy investigations. It appears to form a metallic acid of n red cotouTf 
t'inng colourless alkaline saltd, which turn yellow on the additiun of an. 
Mid, The silver salt in red or orange, the copper salt yellowish-greeib. 
^nlphutetted hydrogen givi^s a brown precipitate and a blue liquid, which ik 
iVDilered brown by zinc. Before the blowpipe it communicates tfl microcosmitf; 
'iJt a yellow colour in the outer flame and a green one in the inner. SeacchU 
'"ipi not believe in the presence of molybdenum or vanadium, though maiiyl 
"■nniilBralions render the latter not improbable. The memoir contains noJ 
'""wwical data beyond the statement that the silver salt contains 48'8 pcvf 
|'"Dt of rilvar (Ag V0j=fi3-1 Ag). Mora definite are the statements made \(j' 
"r- Tallef Dalell [See B^ar Smenee Reoieic, 1879, 423], on the aup- 
P^d new metal from the red nickel pyrites of Krogeriie which he has called 
-'*"fWBgium (Ng.). He finds it white, nut very ductile, with a specific 
pavity of 9-44 ; it melts at SSO" and dissolves in nitric acid with a hlua 
™wiir, which becomes green on diJutioa. On the reduction of the browniab, 
"""if! in hydrogen the proportion of oxygen was found to be yfl to 10- IM 
^ tte Mi^o^li^ that the oxide has the foimuU, NgO, ws hftve Ng— 150n 
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to 141*0. The solatioDS are precipitated green by alkaHes, but the predpl' 
disaolTes in exoe» with a Uue colour. Sulj^uretted hydrogen givi 
brown precipitate which does not redissolve; anc reduces the sulphate fin 
a broif^-n liquid, and, on boilings to metal. Before the blowpipe it gives ye 
glasses, which turn blue on cofjHng^ and upon charcoal with soda thei 
formed a yeUowish-green coating. 

Cause of the PoUonous Character of Arsenic Oxides, — According i 
paper on this subject by C. Binz and H. Schultz (Ber. detUsch. chem. Oi 
schaft, xii. 2190), the poisonous character of these oxides depends on 1 
easy conversion and re-conversion within the organism from the highc 
the lower stage of oxidation, whereby the tissues are destroyed owing U 
violent vibration of the atoms of oxygen. For the same reason they 
^ider the other members of the nitrogen group are also poisonous. 

Carbonic Acid Explosion in a Coal Mint, — An explosion of this kind 
place on the 2dth July, 1879, in a coal-mine at KochabeUe, Qard. Two s 
and quickly following detonations were heard, without flame, and cause 
compressed carbonic acid. Three workmen were killed, and during the a 
of the day the gas spread itself throughout the whole of the working 
that the lamps were extinguished. By the explosion which occurred a 
end of a gallery, the latter was closed up for the space of nine metres 
dislodged fragments. The gas which escaped is estimated to have amov 
to 4*596 cubic metres. The escape of gas continued after the accident 
pened. Delesse who reports the occurrence {Compt, Hand, Ixxxix. i 
ascribes it to the generation of acid by the action of waten on beds of py 
and the action of this acid on the beds of Jurassic limestone lying adja 
Dumas finds that if 2000 cubic metres, or 4000 kilogrammes of carbonic 
were enclosed, about 8000 kilogr. of limestone and 6000 kilogr. of acid t^ 
suffice for its production. Considering the great surface which the n 
fissured pyrites presents to the air, the production of such a quantity ap 
quite probable. 

A neta Silicium Hydride, — Ogier has submitted siliciuretted hydrog 
the action of the electric effluvium, and decomposed it entirely. A y< 
substance is deposited in the tube, and the volume of the hydrogen inci 
to a constant limit. In five experiments where the volume taken 
originally =1, it increased to 1-21, 1-22, 1*21, 1-29, and 1-26, from whic 
formation of the solid product, which must contain the whole of the sili' 
may be reckoned. It must be, — 

Si Ili'sg Si Hj.g^ Si Hj.Qg Si II1.42 Si Hj.fg 

or about Si, H,. This body corresponds with the suboxide of carbon ( 
crotonylene in the series of the hydro-carbons. When gently heated i 
it burns giving off sparks ; when struck it takes fire, in chlorine it 
with flame ; carefully heated in an atmosphere of nitrogen or hydrog 
evolves ordinary siliciuretted hydrogen, which spontaneously inflames i 
If strongly heated, it is decomposed into silicium and hydrogen. Siliciui 
hydrogen under the action of the electric effluvium conducts itself 
exactly analogous way to methane, which is resolved into acetylene i 
condensible hydro-carbon, which has the odour of tui-pentine. The an 
18 further borne out by the ^adon ol iiitTQ^<Qii,VL «^^aA2LNQ\»sQfi)&Qf si 
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retted hydrogen and nitrogen be mixed and exposed to electricity; a mixture 
is obtained which^ besides containing nitrogen and hydrogen, also indicates 
the presence of, but little it is true^ some one per cent of ammonia. The 
solid body on the other hand, which is formed, also fixes nitrogen, which, 
when it is fused with potash or soda^ is expelled in the form of ammonia. 
Precisely similar results are obtained with methane. By heat alone the 
siliduretted hydrogen is* likewise decomposed, though only at 400'': and the 
decomposition is complete, into silicium and hydrogen. Arseniuretted hydrogen 
is also decomposed by the electric effluvium and As^ II, analogous to P, II, U 
formed. (Compt. Rend, Ixxxix. 106d.) 

The Acid Heaction of Cryolite, — On account of the composition of cryolite 
6Na F, Alj F^j, and its slight but perceptible solubility in water, Stolba was 
led to expect that this mineral would exhibit an acid reaction. This ^-iew 
was found to be a correct one j when very small quantities of powdered cryolite 
were placed on moistened litmus paper it became gradually red. The author 
recommends this reaction as a test for mineralogical purposes. An attempt 
was made to determine the fluorine of the aluminium fluoride, wliich alune 
contributes to this reaction, by an acidimetric method, but without success. 

Action of Pota89ium Permanganate on Potassium Cyanide, — Tlds subject, 
already investigated by P^an de St. Gilles, and Cloez, and Guignet, has been 
studied afresh by E. Baudrimont. By allowing a titrated solution of potas- 
sium permanganate to act on a titrated solution of potassium cyanidt^, it was 
found, 1. That the decoloration of the tirst-mentioned salt has a limit ; 2. 
That the decoloration of the salt goes more easily with a rise of temperature 
and concentration of solution ; 3. That the limit appears to be reached when 
two equivalents of potassium cyanide and Ave equivalents of permanganate 
we mixed ; 4. That the decoloration takes place less rapidly when the 
solutions are more or less acidulated with sulphuric acid; 6. That the 
pwducts of the reaction vary, if not as regards their nature, as regards 
"^ir quantity. The formation of the following bodies was noticed : urea, 
carbonic acid, nitric acid, nitrous acid, oxalic acid, formic acid, and anmionia, 
«tte to the decomposition of the urea. The formation of these substances is 
^ accordance with the subjoined formulae : 

2C,N K + Mn, 0^, KO + 6 HO = C, H, N^ 0, + Cg 0^, {KO)^ 

+ KO, HO + Mn., Oj HO 
Cj, N K + 2 (Mn, 0^, KO) + 2 HO = N0„ KO + C^ 0„ (KO)^ 

+ 2 (Mug Os, HO) 

2CjN K + 6 (Mn,07,K0) + 6 HO = 2(N05,KO) + 2 (C^ O^, KO)^ 

+ KO HO + 5 (Mua Oj, HO) 

Formic and oxalic acids may be regarded as derivatives of hydrocyanic 
*^d and cyanogen which are the nitril of formate and oxalate of ammonia 
^pectively ; their formation is simply explained by the action of water on 
^^ cyanogen molecule. As regards the ammonia, it appears to be formed by 
* secondary action of free potash on urea after the complete decomposition 
^tlie permanganate. {Comp, Rend, Ixxxix. 115.) 
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GEOLOGY AND PALAEONTOLOGY. 

The Eozoon Question, — The reader id, doubtleaSy familiar with the fact 
that the question of the animality of JSozoon canadense has been for a con* 
siderable time a matter of lively discussion. Dr. Dawson, its originsl 
describer, Dr. Carpenter and others, have stoutly maintained the oiganie 
nature of this supposed earliest evidence of the existence of life upo&the 
e.urth ; while MM. Kin^ and Rowney have just as persistently argued on the 
other side ; and within the last year or two Dr. Otto Hahn, of BeutHngen, 
and Prof. Mobius, have strenuously maintained that there is nothing in the 
so-called Eozoon which cannot be referred to mineral structure. 

The most elaborate work in opposition to the organic nature of Eozoon ia 
the great memoir of Prof. Mobius, which appeared about a year ago in the 
Palaontoffraphica ; and this, from its fulness of detail and the magnificent 
way in which it is illustrated, must be always of value, whatever the 
ultimate verdict in the case of Eozoon may be. 

The latest contribution to this subject is by Dr. Hahn, above mentioned, 
who has already published two memoirs in support of the purely mineral 
nature of Eozoon in the Jahreshefte of the Wurttemberg Natural History 
Society These were serious productions, but his last production we cannot 
help regarding as an enormous joke, although it is difficult to understand 
any one taking the trouble to produce a pamphlet of seventy-one pages, 
illustrated with twenty-nine plates, merely for the purpose of poking fun at 
a scientiiic opponent. The book has, indeed, been treated as serious by 
eeveral writers, both in Germany and in this country ; but it seems to 
us to be ironical throughout ; and every one knows that of all figures of 
speech irony Ls the one which is least readily understood. The very title 
sounds like a joke ; it is, when interpreted, ' The primordial cell, with the 
proof that granite, gnei-s, serpentine, mica, certain sandstones, also basalt, 
and finally meteoric stones, and meteoric iron, consist of plants.' * 

The author seems to have been moved to the production of this extra* 
ordinary work by the pertinacity with which Dr. Dawson maintains the 
animality of Eozoon, and partly by the indications given by him in recent 
publications of what he regards as possible traces of other organisms in the 
Laurentian rocks in which Eozoon occurs. 

Having visited Canada, and obtained specimens of the so-called Eozoono* 
limestone. Dr. Hahn professes to find himself converted from his form©^ 
scepticism ; he admits that the so-called Eozoon is a fossil, but declares i* 
to be a plant, and not an animal, and accordingly re-christens it EophyUuf^ 
canadense. Of course the name Eophyton, which would naturally sugge^* 
itself for the 'dawn-plant,' is preoccupied; but the absurdity of usin^ 
Eophyllum as the generic name of a plant without any leaves is an addition*^ 
evidenc3 of the i onical character of the book. 

Having once got this clue to the mystery the author of course goes oti 



* Die Urzelle, nehst dem Beiveis dass Granit, Gneiss, Serpentin, Tct^^ 
f/eioisse Sandsteine, auch Bascdt, endlich Meteorstein und Meteoreisen (X^ 
lyiansen bestehen. 
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finding Mmikr manifestations of his ' llrzelle ' in all sorts of rockn, beiongii^ 
to 'all snrta of series, in granita, in Carrara marble, in various cryslalline rotks, 
in Ijftsalt, and finally in meteoric atones and mateorie iron. Not iinnBturally 
the forms of the plants are niunoroua and diversified, and the author di*- 
tingTiiahea a host of genera and species, ia the names of moat of vhich wo 
find traces of the eame carelensneas as in the case of Ef^hyllu.m. These j 
ample cellular Algie are described as presenting' points of structure which f 
belong to the most diasiinilBr groups of plants; they have ateins,buds, and I 
prothilliii, the stems and cells are seen' in conjugatioB, ke. J 

We may cite a few of the names conferred upon these wonderful organ- J 
istns. One ia named Ophthalmia Hixbttetttri, another Duffrrinia, in honour 
of Lord Dufferin, and another Vktoria, in honour (?) of the Queen of 
EngUnd ; Mr. Darwin is complimented by being made to stand sponsor to a 
Marmora Darwmi, the Crown Prince of Austria ha.s a Sli/i/ia named aft«r 
him] whiie the German Emperor is honoured by having hia name attached 
to H species coming from above instead of below, namely, Urania Guilie!mi, 
disMvered in the meteoric storm of KnyaMnya. Two people upon whom 
itiB questionable compliment ia conferred come oft rather worse than the 
ifflt^acdone of these ia no other than Prince Bismarck, 'unser Reichakanzler." 
'The first animal' ia named Tftanus JJiwiarti, in honour of this distinguished 
hdiridual; it is said to be a aerpuliform worm, and its rMemblance to the 
illiutrionB chancellor of the German Empire would appear to consist in ita 
' ^Siring a cuiraas (Kieaelpanner) and being of a rather paunchy figure. It u 
to 1» hoped that Prince Biamarcfc can enjoy a joke even at his own eipense, I 
*fewiae Dr. Habn may find cause to repent him of this one. The other I 
"MM U worse, and while ita presence here seems to be conclueive as to the I 
'"'iiual character of thia book, ita use ia, we think, most strongly to be I 
iBpWllated. Dr. Hahninames one of hia species, obtained from flint-noduloB I 
"lacli he erroneously supposed to he from the Silurian of Canada, PAo'opAoia I 
^'■wwHu, ' Dawaon'a Light-dreader,' we presume, or it might be ' Dawaon'a J 
™*iof the ligbt ;' and as if this was not a sufficient affront, he expre^^ses %. I 
™pe that over this delectable piece of falae wit he and Dr. Dawson may I 
«i»ke hands in token of reconeiJiation ! I 

^ But we have not yet quite done with Dr, Hahn. The essence of att 1 
"onieil work, sucli as we believe this to be, is to start with absurd pro- I 
["Wtions and work them' out as I<^icallj as possible to their extreme j 
^oiaeijuences ; and thus, out of the diwovery oi Haphyllum canadente, then I 
■snugs under the author's pen a new theo^ of rocks, and indeed of tho j 
' "loiatian of the earth, and all that it contains. Theae cellular plants that I 
' ''■ uave been discussing are by no means to be regarded as fossils in the 1 
^rdiowy sense of the word ; they are, in moat cases, the actual producers d ■ 
«B rocka in which their tracea occur ; even the crystalline rocks not teing 1 
I "^fflnpt ' Granite,' we are told, 'is nothing but a plant-maaa; there ianol 
fMk-BiigB with it ; all ia plant 1 ' The crystals of minerals themselves seem I 
''' represent the calls of the plant ! Hence we are led by degreea to ths'l 
''"arition of the startling fact that the cruat of fie earth on which we live I 
' ^ aurt of Sargasso bed, built up in the course of ages hy the energy of the 1 
fitelle,' and floating upon some kind of primordial ocean. The ' Urzelle'l 
''*U is proved to be still at work by ita occurrence in basalts and lavaa of 1 
^Sn- SERIES, VOL. IV. — SO. XIV. "S J 
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recent geological date ; hence its growth does not require the presence 
light and air, but only of mcusture and heat, and we haye here a remarkaj 
coincidence with the eruptive phenomena which have brought the lat 
manifestations of these marvellous oiganisms to the surface, and with tl 
known dLftribution of volcanoes at no great distance from the sea ! 

We have thought it worth while to give a sketch of the general oonteni 
of this book, both because it has been regarded ah written with a serioc 
intention by critics who have blamed the author for burthening science wit 
such a mass of absurdly useless names, and because it is in itself a curiou 
and noteworthy phenomenon. Its style is compared by one of its Oenna 
critics to that of the Book of Revelations, and it must be confessed the 
there is some similarity.* Ilad the author written one-third of the quantity 
and illustrated his pamphlet with only two or three plates, it would ha^ 
told much more powerfully against his opponents. Dr. Hahn is not quite 
Swift, and even the great Dean's irony was not appreciated by everybody. 

We understand that Professor King has a work in preparation whic 
will bear upon this subject ; it will be entitled ' An Old Chapter of tl 
Oeological Eecord with a new Interpretation : or Rock-metamorphisr 
especially Methylosis, and its resultant imilations of Oiganisms. With £ 
Introduction giving a history of the controversy on the so-called Eozot 
Canadense* 

ArcJuBopteryx macrura, — At the meeting of the Swiss Society of Natur 
Sciences, held at St. Gall in August, 1879, Professor Carl Vogt read a mc 
interesting commimication upon the second specimen of this remarkable fos 
organism, which was found in the lithographic slate of Pappenheim sot 
years since, but of which no naturalist had hitherto been able to make 
careful examination. 

The genus Archaopteryx was established in 1861 by Hermann von Mej- 
upon the evidence of a feather found fossil in the lithographic stone 
Solenhofen. The species was named Archceopteryx lithoffraphica, in allusi 
to the formation in which it was found. Somewhat later a much m.4 
important specimen was found by a M. Haberlein in the same depos: 
This consisted of a slab of limestone containing various parts of a featb 
bearinp^ creature, including limb-bones, vertebrae, traces of the skull, s 
especially a long, slender tail, from each vertebra of which sprang a pair 
qidll-f eathers. This slab was subsequently purchased for the British Musei^ 
and in 1863 Prof. Owen described it as a species of Von Meyer's genus un< 
the name of Archceopteiyx macruraf in allusion to the length of the "t 
Notwithstanding this remarkable peculiarity, Archatopteryx was referrecl 
the class of tirds, but placed in a special group, to which the name 
Saururce was given. The animal has always excited the greatest inteK 
from its apparent combination of reptilian and avian characters, a circu 
stance which acquires the more importance from the occurrence of the foff 
in beds which are so rich iu Pterodactylea. It seemed that we had here 
the same deposit the most bird-like of Keptiles and the most reptile-like 
Birds. 

The second specimen, discovered by M. Haberlein's son in the lithograpl 
stone of Pappenheim, is now, we believe, in the Senckenbergian Museum 
iTrankfort j but for some years after its discovery no one was allowed to s 
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it, According to Prof. Vogt's accouat of it, it is nearly complete, ind its 
viap, nru unfolded aa if in flight. The head is iimaU. Implanted in the 
upper jaw two small conical teetli may be detected with a lens. Eight 
rjlindrical cervical Tertebrffi, furnished with very fine ribs directed back- 
"irds, were counted. The dorsal vertebrK appear to be ten in number, 
tliit'k and abort, and destitute of s{nnou« prucesses. Their ribs are sleNder, 
eun-ed, and pointed at the end ; they show no flattening-, nor are there any 
tnces of the und.nate procesaen which in moat bird^ spring from the posterior 
nar^n of each rib and rest against the sucoeeding one. There Ae also very 
fine sternal ribn, which appear te be attached to a linear abdominal sternum. 
The pvliis is still enclosed in the matrix. The tail is very long, and agrees 
with thnt of the first known specimen. The hind limbs are hardly S3 perfect 
«* in Prof. Oweu's example, but they show with certainty that the fibula is 
conipletely united to the tibia, and only marked off by a out very strong 
longitudinal furrow. The anterior limbs, on the contrary, are more perfect 
than in the original eiampla. M. Vogt thinks that two scapula are mco'/- 
niiai\>]e, and that there ie no bone representing the furculum. The two 
coracoida seem to be in contact in the median line, and the aternum is 
r^uced te zero. Tbe bones of the arm present no features pecuUar to reptiles 
or to birds : they have been already well described by Prof. Owen. But the 
iwnee of the hand in tbe new specimen show characters not previously known. 
The cnrgnis shows only one small globular booe. The digits are well pre- 
served in bath limbs ; and from tbe information now obtained it appears that 
the hand of the Arc/ueiipr.ery:e ct,BO<^t he compared to thatof abird, oito that 
of A pterodactyle, but only to that of a tridactyle lizard. There are three 
l"'ig, slender cligi(8, armed with curved and sharp-edged claws. The thumb 
U theaborte^t. and is composed of a short metacarpal, a long phalange, and 
tlie ui^al phalange. The other two digits contdst of a metacarpal and of 
three pludanijes. The wing-feathers were attached to the cubital margin of 
the fore-arm and hand, but no special adnptation of tbe skeleton to tbb 
purpoBe can be observed The thumb was free, like the other two digit", 
'nd^ not support awinglet. Thus, if the feathers had not been preserved 
ID one Muld have suspected from the examination of the skeleton tliat tbe 
al had been furnished with wings. 
__ ftuf. Vogt Slims up the information we now poBsess as to the organizn- 
"01 of Archei^tryx, with special rL-terence to tbe question of its syslematie 
P^ition. The head, neck, ihorai and ribs, tail, shoulder girdle, and the 
■We anterior limb, are clearly constructed aa in Reptiles; the pelvis bis 
^^^bablymorereUtion to that of Reptiles than tothatof Birda; thepoaterior 
^^^F^ ie that of a Bird. The reptilian homologies certainly prxpondemte in 
^^^P' aVieton. There remain the feathers; these are unmistakably birds' 
^Hf^bers, with a median rhacliis and with perfectly formed barbules. The 
^^^*^ slab shows all tlie feathera in their place. The remiges, as already 
^•i, are attached to the cubital maiT^in of the arm and hand ; they are 
"''^I'ed for almo.^t half their length with a fine liliform down ; none of them 
r ''Je^ beyond the others, and the wing is rounded in outline, like that of a 
/***ion fowl. There are thought to be indications at tbe baae of the neck 
*■ collar like that o( the condor. The tibia was covered throughuut with 
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reeemblanee to that of a falcon, aa also, aeeording to Pici. Ow8n,iBiii 
anatomical structure. Each caudal vertebra bore a pair of rectrioeB^ktill 
the rest of the body was apparently destitute of feathers, oiherwue tnM 
of them must have been found upon a slab which has preserved SYOifte 
smallest details of a fine down. 

IVof. Vcgt regards Archaopteryx as neither a reptile nor a laid. It 
constitutes according to him an intermediate type of the most stronglf muM 
description, confirming the views of Prof. Huxley, who has united lepdki 
and birds, dnder the name of Sauropsida, as forming a sin^ great seetloa 
of the Vertebrata. It is one of the most important signposts on the ml 
which has been followed by the class of birds in its gradual diffeientiatioD. 
from the reptiles from which it originated. A bird by its integument ani 
hinder limbs, it is a reptile in aU the rest of its structure ; and thus itsconr 
formation can only be understood if we accept the evolution of biids li^ 
progressive development from certain types of reptiles. The Cretaceous Inids 
described by Prof. Marsh indicate a later step in the same direction. 

In discussing the stages by which ArcJuBopteryx passed to arrive stliift 
form under which we know it, and the mode in which adaptation for flight 
has acted upon the different parts of the body. Prof. Vogt shows, in the 
first place, that this adaptation in Vertebrata is by no means necesssnly 
combined with that of an upright position. This is seen in the Pterosauria- 
and the Bats. The structure of the hind feet that occurs in the Dinosauris^ 
the ArcJuBopteryx, and in birds, is therefore, he thinks, independent of th^^ 
faculty of fiight, and only stands in relation to the possibili^^ of sustainiofif 
the body upon the hinder feet alone ; and hence the resemblance in t h if=^ 
respect between Dinosauria and birds by no means indicates' real affinitf 
At the utmost he would regard it as possibly indicating a genetic connexioc= 
between the Dinosauria and the Struthious birds, but this would invoke ^= 
multiple origin of the class of birds. 

The search in deposits older than the Upper Jurassic for reptiles whicl 
may be related to Archaopteryx, and thus indicate earlier stages in thi 
process of evolution, would seem to be vain, since the fossils we possess 
destitute of tegumentary parts, and it is very difficult to say d priori wit 
what cutaneous structures these creatures were covered. At the same time 
as Prof. Vogt points out, there is complete homology between the scales (k ^ 
spines of reptiles and the feathers of birds. The reptilian structures, h ^ 
remarks, differ in no respect from the wart-like stumps which appear in tL^ 
embryo bird as the first traces of plumage ; the feather of the bird is only ^ 
reptile's scale further developed ; and the reptile's scale is a feather whicto 
has remained in the embryonic condition. The feathers of Archaoptery^/ 
which are so perfect, must undoubtedly have been preceded in some pr©* 
existiDg reptiles by cutaneous structures representing persistently the dif- 
ferent stages of the embryonic development of the feathers. We mafi 
therefore, imagine the ancestors of the Arcfueoptei'yx as lizard-like, terrestrial 
reptiles, having feet with five, hooked, free digits, showing no modification 
of the skeleton, but having the skin furnished at different points with 
elongated warts, downy plumes, and rudimentary feathers, not yet fitted foi 
flight, but susceptible of further development in the course of generations— 
(Bibl, Univ., December 16, 1879 •, Ann. ond Mag. Nat. Hist,^ February, 1S80.) 
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Carrtlation of the Rocks of the South of Ireland vnlh thott of other 
ftiinrtt. — Prof. IIul], Krector of the Geological Survey of IrelaTid, read 
Q iatercEting paper before the Geological Souutf oq this mbject, 
[«rcli 10th. He referred to e. previoiia paper in which he had disciinsed thn 
ological age of the GlengarifF (or Dingle) beds, and arrired at the con- 
isioD that these are Upper Silurian (Upper Ludlow) deposits, grentlf 
Jacded verticaUj. These rocks were disturbed, elevated, aud denuded, 
I ultimately aubmerged in such a miuiner, that the later Old Ked Sand- 
ne and Lower Carbomferoun strata are found resting traiuigresMvelj upon 
Ta. Id comparing these Irish rocka with those of North Devon, I'rof. 
-U iirat showed that the true divirion between the Old Red Sandstone 
L <Jarboiiiferou3 series muat be taken at the top of the ' Kiltorcan Beds' 
'S\:x the freshwater bivalve Aitodonia Jukesii. lie held that the Coomhola 
ts and Carhoniferoua alate series of the south of Ireland are represented 
C>evonshire by the Barnstaple, Pilton, and Marwood beds, thus iNslegating' 
'ae divisions of the Devonshire geologists to the Carboniferous. This 
iclusion is borne out by palreontological evidence. 

The Upcot Flags and Kckwell Down Sandstone are to bs regarded as 
i representatives of the KiltorcAn beds and Old Red Sandstone and 
mglomerate of the south of Ireland ; but here the correlation of the fonna- 
Ms of the two districts ends, for the Martinhoe, Ilfrrtcorabe, Hangman, 
tl LjntoD beds have no representatives in thp latter locality. These 
ovips, the Lower and Middle Devonian marine deposits, were deposited 
Lring the upheaval of the Irish Upper Silurians. 

The Foreland Qrits, which lie at the base of the whole Devonian series in 
^vonshire being identified by him with the uppermost Silurian, or 
*saag&.beda ' of Murehison, the author inferred that the great gap 
>stiDg in Ireland between the GlengarifE beds and the succeeding Old 
'^ and Carboniferous series, was filled up in Devonshire by the beds 
■^g between the Hckwell Down Sandstone and the Foreland Grits. 
Acceptii^ Prof, Geikie'a suggestion, that the Scotch ' Lower Old Red ' 
tie repreflentative of the Irish Glengarifi beds, Prof. Hull concluded 
■■t this 'Lower Old Bed' is really the lacustrine equivalent in time of 
' tnarine uppermost Silurian strata (a view which is supported by fossil 
•ience); while the 'Upper Old Red 'of Scotland is the equivalent of the 
ttiation bearing the same name in Ireland. Hence it follows that there is 
'y one formation properly called ' Old Red Sandstone,' and this is the equi- 
li^nt of the Upper Devonian as restricted to the Pickwell Down 
"■ndstone of Devonshire. 

In the district north of the Severn, embracing the region of ' Siluria,' tliB 
uiestone shale, both by its position and fossils, is shown to be the greatly 
duced representative of the Barnstaide, Pilton, and Marwood beds; while 
le YbUow and Red Sandstone and Conglomerate represent the Pickvrell 
lown Sandstone, or true Old Red Sandstone. Between this and the Upper 
udlow and Passage-beds comes the Comstone group, to which Mr. 
odwin-Ansten and Prof. Ramsay have astdgned a lacuatrine origin. I'rof. 
ull is of opinion that the thicfaiess of this group has been greaUy 
timated, and regards 5000—6000 feet as the maximum. It was probably 
posited in an estuary opening seawards towards the south. He accepted 
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the condufiioD, suggested by M. Bewalque, that the Oomstone group n. 
presents the Middle and Lower Devonian groups of Devonshire, ly — -^ly 
between the Old Red Conglomerate and the Upper Silurian. The Bel fc J an 
' Psammites du Condroz/ a great group of sandstones lying between ^^ 
Carboniferous Limestone and the ' Calcaire du Frasne/ is to be regarde^H. as 
the representative of the Pickwell Down Sandstone, and therefore of ^he 
true Old Red, notwithstanding the presence in it of marine fossils. 

The principal conclusions to be drawn from these arguments ar^ as 
follows: There is only one Old Red Sandstone properly so called, rejpre- 
sented in Devonshire by the Pickwell Down Sandstone, and in Scotland sud 
Lreland by the so-called Upper Old Red, in which case the Old Red Seund- 
stone is not the equivalent of the marine Devonian strata, but surmo'tuits 
them. Secondly, at the close of tHe Upper Silurian period, all the weartem 
and northern portions of the British Isles were disturbed and elevate ixto 
land surfaces, while subsidence and deposition of marine strata were talciog 
place over the south of England and Wales, and adjoining parts of weerfcem 
Europe, the Lower and Middle Devonian groups being then formed. 
At the commencement of the Upper Devonian stage there was a general 
subsidence ; lakes were formed over the Irish and Scottish areas, on the 
shelving shores of which the Old Red Conglomerate was accumulated; 
and at the commencement of the Carboniferous period a further sub- 
sidence took place, bringing in the waters of the ocean over all tlxe 
submerged areas. 



MINERALOGY. 

Hedyphane containing baryta from Laanghan, — Lindstrom describes (./5*^^ 
Imchfiir Mineralogie, 1879, 896) this specimen as white to pale yellow-wliit;^; 
and except as regards its showing the barium reaction and higher specl^c 
gravity of 6*82, according in every respect with hedyphane. The analj^^^ 
given below show, under I., the composition as found, and, under 11., tJje 
insoluble portion subtracted as well as the lime carbonate and a quantity^ of 
oxygen equivalent to the chlorine. 

Arsenic acid . 
Phosphoric acid 
Carbonic acid 
Chlorine 
Lead oxide 
Baryta . 
Lime 
Magnesia 
Iron oxide 
Soda 
Potash . 
Insoluble residue 

100-27 99-67 

Excluding the iron oxide, potash and soda we have the general formal**' 

3 (3 RO, Asj, Og) + Pb Cla 



I. 


n. 


28-18 


2901 


0-63 


0-66 


107 


Lead 919 


305 


314 


49-44 


4101 


8-03 


8-27 


8-99 


7-86 


0-24 


0-26 


008 


0-08 


016' 


016 


0-09 


009 


0-42 


— 
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mgrundite, a new haaie Capper mUpkate, — This body is described 
la as oocurring in little plates, 1 to 2*5 mm. in diameter, scarcely 
in tiuckness, and having apparently the composition indicated by the 

Snlphnric acid 23-04 

Copper oxide 57*52 

Water 19-44 



ICXHX) 

lime found in the analysiB have been subtracted, as well as the requisite 
of sulphuric acid and water to form gypsum with it. The colour of 
^-Uke crystals is dark emerald-green, the hardness, 2*5 : it is almost 
he cleavage along, oP (001) complete. The axes are, 

a : b : c = 1-8161 : 1 : 2-8004 

umwrphite. (Jahrbuch fur Mineralogie, 1879, 807.) — Von Lasaulx 
attention to the widely-spread and characteristic product of the 
sidon of menaccanite, which occurs in rocks, and which he has 
leld to be a lime titanate analogous to perowskite in point of compo- 
Be has recently met with it in kurger quantities. In a slaty 
le rock from the gneiss of Lampersdorf, near Reichenbach, in Silesia, 
unded nodules of rutile which are covered with a greenish or 
i-white zone of a granulated or fibrous product of decomposition, 
t of this material was collected for analysis, and found to consist of 

Lime 2527 

Titanic acid 7432 

Iron protoxide Trace 



09-59 
3 numbers correspond with the formula, — 

CaOi2'nO, 

that of the new mineraL {Jdhrb,fur Minercdogicy 1879, 509.) 
w Bajytic Felspar, — Des Cloizeaux found in the collection of the 
cPHistoire NatureUe a few fragments of a felspar prism, of unknown 
which are transparent or only translucent, and resemble the albite 
incenz, Styria. The two cleavage direction?, oP (001) and oo P oo 
rm an angle of 86'' 37', and the reentering angle of the base was 
3 be 173* 14'. These values approach closely those found for 
ite, while the optical characters of the felspar in question more 
igree with those of oligoclase and albite. To dedde this question, 
iral was analysed, and the following results arrived at : 

Silicic acid 55-10 8 

Alumina 23-20) 

Iron peroxide 0*45 J 

Baryta 730"^ 

Lime 183 

Magnesia 0-56 

Soda 7-45 

Potash 0-83 

Loss by heating .... 3*72^ 

100-44 
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While the analyris agrees with that of a baiytic andedne, the tohm^^ 
shows by its optical properties and the angle of its cleavage planes, that i^ ^ 
not that ; in fact, it agrees with none of the felspars which have yet 
examined. (Jahrbuchfur Mineralogie, 1879, 501.) 



m 



PHYSICS. 

The Thermo-dectric behaviour of Aqueous Solutions with Mercurid Ele^^ 
trodes, has been communicated to the Koyal Society by Mr. G. Gore. l^C-O 
used for this purpose an apparatus consisting of two thin glass hssn--^^ 
containing each a layer of mercury about one centim. deep, covered b^ & 
layer three centim. deep, of the aqueous solution to be examined. A bec^** 
glass tube of the shape of an inverted U with a verticcd canal at the highe^^^^ 
point was filled with the liquid, and inverted over the mercury ; two stoi^^*^ 
glass tubes with a platinum wire sealed into their lower ends, one filled wits^^ ^ 
mercury, were placed in the mercury of the basins before adding the liquic: — J* 
Terminals of platinum touched the mercury, but not the liquid. Thennc — ^ 
meters were immersed in either pool of mercury. One basin was supportut. i -<i 
on wire gauze with a Bunsen's burner beneath it, the other on a shelf at th^^*^ 
ordinary temperature. The mercury was carefully purified. A galvanomet^^^^ 
was used to test the completeness of the circuit. One basin was then heatecr=^> 
and the deflection of the galvanometer noted at various temperatur o^ ' ^ ' 
Solutions were chosen which had little chemical action on mercury, 
which were free from any visible film or dulness over the heated me 
The galvanometer was astatic with two coils, each of 50 ohms resistam 
connected together. A table was obtained with the solution at the top, i 
which the hot mercury was most positive at 180* Fahr., and that at 
bottom in which it was most negative. Far at the head stands phosphate 
anmionium, with a deflection of + 28° followed by carbonate of sodium wit 
4- 19*0. At the other extremity of the scale stands cyanide of potassiuii — ^•"> 
which sinks from — 14''*0 in a solution of 5 grs. to — SO^'O in one of 100 gn^ ^^• 
In order to ascertain whether this order agreed with that of a series arrange ""^ 
according to the different degrees of electromotive force of the varioic^^:^— ^ 
couples, two similar basins were charged with the two solutions and cot- — ^" 

nected with a differential galvanometer with currents in opposite direction- -^> 

to ascertain which gave the strongest currents. 

On examining the results it is observed that the effects are not manif< 
related to the chemical nature of the solutions. It is difficult to prove ho 
far chemical action occurred as a cause of currents, though it cannot ha^ 
been great. The strength of the solution clearly affected the quantity, 
in some instances the direction of the current. Stirring, and previoi 
heating of the solution, also influenced the deflection. It appeared that i 
currents were due to heat acting on and altering particular molecuL 
structures, and that the difference of electromotive power was not due "^ 
chemical variety, but to differences of molecular arrangements. 

Measurements by means of Thomson^ s Galvanometers are not, according "^ 
M. Gaiffe, as reported in the Comptes Rendus for January, found to Tb^ 
proportional to the value of the currents measured, but to be exaggerated ^ 
**'^>se values increase. This error arises from the fact that the angles <^ 
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defleetion ot the magnet are doubled by the reflection of the mirror, and thrt ' 
cotLieqiieDily it is not the tai>genla of the renl angles of defiwition that 
reads on the acale, but the tangents of the doubled angles. This aasumplion 
may indeed be made with Terj small angles, but even nith s deflection gf 
8" the indications are already sen^blj exaggernted at the ends of the scale. 
A. bifilar suspension with two silk threadR very close ti^ther reduced the 
erroia to lesa than one hundredth of the value measured. 

Dittributian of power ly Electricity haaformedthe subject of eipei 
by M. Tresca, using a (iramme machine making 1 200 revolutions per i 
The current was transmitted by coppei^wires to carts at different distances, 
two Gramme machines being placed on the carts, and acting on u windlsu 
which drove a double Brabant plough so as to make a furrow 220 metret 
long. The velocity of the plough whan the circuit was i?00 metres, 
^ cent imetree per second, the abaft making ll2>i turns per minute; when' 
the circuit was increased to 1300 metres the velocity waa 70 centimetres,, 
A&d the revolutions of the shaft 890. The effective work was estimated at 
three-horse power. 

Eketricai Storage has been described by I'rofessors Houston and Elihu 
Thomson in the Journal of the FranMin Institute. Such a process has long 
been suggested, but has failed to become of practical use, (1) from cumbrous- 
neas, owing to the large conducting surface required ; (2) from loss of ene:^ 
•^ue ta evolution of gas during chnrging ; (3) lack of constancy ; (4) limited 
''fipacity. These defects apply ta Plante's secondary battery; the system 
^^fy surest consists of a saturated solution of zinc Hulphate, at the bottom 
"*f "which is placed a plate of copper connected to an insulated wire. At the 
top is placed a second copper plate, one ot hard carbon, or of some metal 
uiichan^ by contact with zinc sulphate solution, and less positive than 
■ttetatlic zinc. Charging ot the ceU so conEtructcd is effected by passing a 
pf rrent through it from the lower to the upper plat«. The current employed 
^ that from a dynamo-electric machine, and the result is the depoatii 
"■etoiljc line on the upper plate, and the formation of a dense solution of 
''"pper sulphate overlying the lower. The cell, in tact, becomes a gravity 
"*ltery, acting as such, till all the deposit is redissolved. 

A somewhat similar plan has been employed by Mr. C F. Varley to di»-' 
"^itute lime-signala, hut has been superseded by Leclaneh^ cells of large 
*itt>enaiona. It consisted ot gutta-percha chambers 4i in. high, each with a 
^^vjaion of \\ in. deep in the centre ; the shallow ceUs thus formed being 
"*lf filled with mercury, and connected with the mercury in the corresponding 
"^U of the neighbouring chamber. The last carbons were connected to 
'^'"minals and to the discharging wires ; the cells were filled with zinc sulphatS 
^nd. sulphuric acid. On passing a current through siity such cells from 160' 
^uiall Darnels, amalgamated zinc was formed on one sde and bisulphate of*] 
''^^il^ury on the other. The arrangement had a very low reastance. 

Cast-Irtnt MagTieta are being made by M". OarrS by running a soft ai 
?"S:htly carburottod metal in earthen cruribles. Just before pouring, 10 
^^ yet cent of ateel-filings and about 1 or 1-5 of niclcel with -26 per cent 
^'"^pper; or '2 per cent of tin and 0'5 pr cent of copper, are added. It a 
'"en stand tempering at a cherry-red heat, 

A'dture extracta from the Ifeie York Nation a marvellous account ot' 
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an instrument which its inventor, Prof. Alfred W. Mayer, temiB the ' Topo- 
phone/ or Sound-plaoe. * It consists of a vertical rod passing through the 
roof of the deck cabin, bearing on its upper end a horizontal bar, carrying 
two adjustable resonators, below which a pointer is set at right angles with 
the bar. Rubber tubes from the resonators pass through the roof of the 
cabin, and unite in a single pipe connected with a pair of ear-tubes. The 
vertical rod is turned, by means of a handle, in any direction. The first step 
is to tune the resonators accurately to the pitch of the sound under observa- 
tion, and the second to fix them ' at a distance from each other somewhst 
less than the length of wave of that sound ; next, by turning the handle to 
bring them simultaneously on the wave-surface, when, as they both receive 
at the same instant the same phase of vibration on the planes of their mouths^ 
it will result that, if the connecting tubes be of the same length, the sound-* 
pulses acting together will be reinforced to the ear ; but if the tubes differ in 
length by one half the wave-length of the sound, the pulses will oppose and 
neutralize each other. At this moment the horizontal bar la a chord in the 
spherical wave-surface, of which the distant fof?-hom is the centre, and the 
pointer represents a radius directed to the place from whicb the sound 
emanates.' This seems a pretty and useful little problem to set to a skipper 
in a gale and a fog, with an unknown danger-signal hardly audible in the 
offing. It is just possible that he might be better employed on deck. 

Dynamo-electric Machine* for Telegraphic I\irp08es, are described in a 
late number of the Scientific American, They are intended to replace 14,300 
gravity battery elements, and 4600 bichromate of potash cells. The machines 
are on Siemens's system, connected in series with their field-magnets excited 
by a current from a single Siemens machine. One commutator-brush of a 
machine b connected with the brush of opposite polarity in the next, and so 
on, so that a current of any desired potential may be had from the different 
machines in the series. The £. M. F. in the first being 50 volts, the second 
will be 100, and the third 150. A patent to this effect was taken out by 
Mr. H. Wylde in 1878 in this country. Dr. Schwendler, Mectridan to the 
Indian Government, finds the dynamo-electric current better for telegraphic 
purposes than those from batteries. A signal current can be obtained f^m 
that maintaining a powerful light by derivation without perceptibly dimin- 
bhing the Ughting power. 

Atmospheric Polarization and the in/iuence of Terrestrial Magnetism an 
the Atmosphere form the subject of a memoir in the Anndles de Chimie et de 
Physique, by Henri BecquereL First observed by Arago in 1809, it wtf 
further worked out by Babinet, Brewster, Bernard, Liais and Rubenson. 
If the light emitted by the atmosphere in the sun's vertical plane be analysed 
at an hour when the luminary is at a small elevation above the horizon, it tf 
found to be faintly polarized in his neighbourhood, the polarization increasing 
towards the zenith. The maximum occurs at an angle of 90° from the soO; 
falling again to zero at a point named Arago's neutral point. Up to this the 
plane of polarization is vertical, below it it is horizontal. At sunrise and 
sunset, the neutral point is from 20° to 30° above the horizon. Babinet found 
a second above the sun, and Brewster a third at about the same distance 
below. There seem to be other secondary neutral points related to those 
above named, and discoverable in certain states of the atmosphere. 
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The esplsnatioD has gecenily been referred to reflectian of the Bolar raya 
r the vertical, and to refraclion jompd to BMondar; rellectionB, for the 
irizcintal pularizatian. The neutral points thus become spots where the 
ntical and horizontal fictJonB have equal and opposite intetuity. Ilypo- 
)08es regarding the method of reflection have been founded on the partial 
pedty of the ^ itself, on that of suspeoded solid particles, and on small 
esicles of water. Hagenbach referred it to layers of air of unequal lifiOMty. 
*yndall comdders it not due bo much to simple reflection aa to a pecidiar 
ilteuomeDon which attends on luminoua gas, 

Wheatetone, by means of an apparatus which he termed a Polar Clock, 
towed that by pointing- thia to the pole the position of the plane of polar- , 
zation would approximately give solar time. M. Becquerel set himself to | 
letermine with precision the relative portions of tbe sun and of the plane uf 
pularizalion. 

The apparatus he devised for these researches consists of a Savart polari- 
*cupe mounted in a divided drcle, and observed by means of a total reflection 
prism. It can be turned in any direction, azimuth and altitude circles giving 
independently the coHDrdinateS of the point observed with reference lo the 
ubgnetic north. { 

The observations condated in determiniag- on the same divided circle the 
■position of the plane of polaijzation, and the ahadow of tbe optical axis of 
tie apparatus thrown by the sun itself. Cross wirea were fixed to the end 
cf the movable tube which threw an image on a plane surface attached to it. , 
Tiiese were afterwards replaced by two needle-points which threw their 
sIiuIdw on a small screen r^ulitted to move in the sun's plane. The Savart 
pclarifcope was found more delicate than others depending on equality of 
tint in the preijence of much difTused non-polarized light; hut instead of 
oWving the greatest intensity of the fringes, their diaappearance at an angle 
ef 4.5° was noted, which proved more susceptible of accurate determination. 

The process of observing consLited ia taking three double meaaurementa 
"^ the solar plane, with the time. Then a series of observations of the plane 
ot atmospheric pohuizntion followed, and then again a repetition of the first 
nieasurements. These were plotted out with lines as Abaciaste and the 
nuDbura found as Ordinates. The former proved the more accurate. 
Several of them are reproduced in the memoir. 

The reaults, stated briefly, are as followa: 1. The plane of pohuization 
Itom any given point in the sky does not generally pass through the sun, but 
nsuelly below it. At the zenith, the planes of the aun and uf polarization 
CQindde. At tbe pole their angle ia small, and waa hence unnoticed by 
Wheatstone. They increase towards the horizon. As a rule the polarized 
'igbt coming from the sky behaves like a luminous ray starting from the 
"fighbourhoodof tbe aun and reflected towards the obaerver; but it containi 
f*js polarize.l by refraction also, of variable intensity, in some cases sufficient 
to annul the opposite effect, and to produce ' nentral points.' Indeed the aun 
'I not to be regarded aa the only source of atmospheric illumination, hut alao 
the air and the earth acting as reflectors. Each of these may displace the 
plana. 

.^a regards tbe action of terrestrial magnetism, it appears that the plane 
of polarization undergoes rotation in a direction always the same, direct if 
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A Ofycerine Barometer, — Mr. James Jordan communicates to tlie Bay 
Society the details of this instrument. Many attempts, as he states^ hti 
been made from time to time to ccuistruct barometers with fluids <d lowi 
denrity than mercury, with the view of increasing the range of oseilktini 
He expresses the belief that such instruments may show the chsiaeier c 
more minute vibrations of atmospheric pressure at storm stations. Mm 
have been made with water, notably one in 1830 at the Royal Sodet^fts 
l^of . Daniell. These, however, are vitiated by the effects of change d 
temperature on the water vapour in the vacuum, which marks changn d 
pressure. Glycerine, from its high boiling-point, has a very low tensioii d 
vapour at ordinary temperatures, and a very small coefficient of alsiArti 
expansion. The specific g^vity of the purest glycerine is 1'26, less thaon^ 
that of mercury. The mean height of the column is 27 ft. at the sea level; 
a variation of ^ in. in the height of the mercurial column is equal to mon 
than an inch in glycerine. As it is very hygrometric its surface is covered Irf 
a shallow layer of heavy petroleum oil. 

The tube is formed of ordinary composition metal pipe of f in. intnuL 
diameter. To this is cemented at the top a glass tube 4 ft. long, with inods 
diameter of 1 in. The upper end b formed into an open cap fitted with ii 
indiarubber stopper. Two scales, one on either side, read off the height, ods 
being divided into inches and tenths of absolute measure, the other into 
equivalent values of mercury. 

The clstem is cylindrical, of copper tinned inside, 6 in. deep and lOiii' 
diameter, with a cover and small orifice covered with cotton wool to 
out dust. Glycerine, coloured red by aniline, was heated to 100" Fahr. 
placed in the cistern ; by means of an air-pump connected with the top oi 
the tube the level was raised 323*571 inches, or within '3 of the Kew standaid 
A plug was then screwed in below to support the column, the tube vai 
filled at the top with glycerine, and the stopper inserted. Some precaution 
were adopted to allow air to escape, and the column was finally allowed U 
take its own position. It will be regularly observed by the Superintenden 
of the Ob8er\'atory. 

Accidental double Refraction forms the subject of a communication to thi 
Annales de Chimie et de Physique by M. Mac^ de L^pinay. He distinguishe 
four kinds : 1. By pressure or tension, discovered by Brewster. 2. Lamelk 
polarization, due to cubic crystalline structure. 3. Results of unequal tem 
perature or chilling. 4. Double refraction from high electrical tension, a 
discovered by Kerr. The first (1) is simply proportional to the force employe 
starting with a certain value, and leads to some remarkable results; fo 
instance, quartz cut perpendicularly and compressed gives lemniscate curvet 
thus becoming biaxial for the time. Under the second (2) come the expert 
ments of Seebeck in 1812 and Brewster in 1814, which have been revive 
with practical purpose of late by M. de Bastie in his toughened glass. Thef 
are clearly due to excessive surface tension. The writer of the memoir go< 
into long and careful experiments as to (a.) the distribution of stress i 
rectangular plates ; (b.) the verification of Wertheim's law of wave-lergth* 
(c.) the variations of ordinary and extraordinary indices in various poio 
of rectangular plates. The paper itself extends to ninety pages, and coi 
tains, besides the direct objects of the inquiry, some valuable collater 
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itter, such as a method of yerifyiiig Jamin's compensator with great 
Hcacy. 

Dutinffuishing lAghUfcr Lighthouses forms the suhject of a coEomunica- 

on from Sir W. Thomson to the Times, He recommends: (1) A great 

luckening of aH reyolving lights. (2) The application of a group of dot- 

lash signals to every fixed light. (3) The aholition of colour as a diHtinction 

lor lighthouse lights, except for showing dangers, channels and portn by red, 

white, and green sectors. Of about 120 reyohdng lights on the EngUsh, 

Scottish, and Irish coasts, there are in all eighteen in which the periods are 

ton secimds or less, and the times of extinction seven seconds or le8s. In 

these quick revolving lights, the place of the light is not practically lost 

during darkness ; the eye, sweeping deliberately along the horizon, with or 

irithont the aid of a binocular, ' to pick up the light,' passes over less than 

its own field of view within the period of the light, and thu.i finds it almost 

M Barely as if it were fixed. What a contrast to the ordinary minute-period 

TBTolving light ! 

The distinction by colour alone ought to be prohibited for all lighthouse 
fights, on account of its liability to be confused with ships' and steamers' 
aide-lights. Southsea Castle, with its red and green port and starboard side- 
fights, seems as if actually planned to lure an unsuspecting enemy to destruc- 
tion. ^8 proposal is to distinguish every fixed light by a rapid group of 
two or three dot-dash eclipses ; the dot of about half a second duration, the 
daah three times as long, with inten'als of light, about half a second each, 
hefcween the eclipses of the group, and of five or six seconds between groups. 
8iemen8*8 Differential Electric Lamp has one carbon attached to tho end 
<rf a lever joined to a pair of iron cores, which are free to move up and down 
in two solenoids. One of these has large wire of small resistance, forming 
pwt of the lamp circuit. The other is a coil of smaller wire, offering 
greater resistance. It is in a circuit external to the lamp, joining the con- 
ductors and excluding the carbons. "When the former is excited, it draws 
in its core, and the points of the carbons are separated; when the latter, 
they approach one other. The distance will thus be adjusted automatically, 
80 as to maintain constant action. 

Connection of Surveys has been recently accomplished by M. Perrier, 
between Algiers and Europe. He found that from all the trigonometric 
points of first order about Oran, the loftier peaks of Sierra Nevada were 
^hle in clear weather. The stations chosen in Algeria were the summits 
of Mount Filhaoursen and Mount M'Sabiha, west of Oran ; in Spain, those 
of Mounts Tetica and Mulhacen — the latter the most elevated point in the 
^ongdom. The signals were to have been given by means of solar reflectors 
tod powerful lenses, over a distance of 270 kilometres, but they failed 
utterly. Preparations had, however, been made for the employment of the 
®^rie light, and on the sunmiit of each mountain a Gramme's machine had 
been established. On August 20 the lights were displayed all night. It 
^as not until after twenty days that one after another they became visible 
oven to the naked eye. That on Tetica, nearly 270 kilometres distant, about 
equalled a Ursee Majoris, which rose near it. We have now trigonometric 
Dieasurements of an accurate nature from lat. 61' in the Shetland Islands, 
*o lat. 34° on the southern frontier of Algeria. 
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A New StamUtrd of Ligkt has been suggeeted by Mr. Louis Scliineiidlflr, 
in the Journal of the Society of Bengal It consists of a U-shaped piece of 
p] fttjnmn f oil, about 20 mm. in length, each limb being 3 mm. in breadth, 
and at the top with metal clips : a current, the amount of which is registered 
by a galvanometer in circuit, is passed through this. It is a step in advanos 
of the candle standard, though not of the same accuracy as other scientific 
units. 

Coloured Binga on the Surf ace of Mercury haye been obtained by IL 
Guebhard, by clearing it of oxide and breathing on it. They contract as 
evaporation diminishes the thickness. The best results are obtained with 
collodion, diluted by means of ether. These pellides can be detached and 
transferred to paper. 



ZOOLOGY. 

A Synthetic Starfish. — Under the name of Aatrophiura permiray Mr. W. 
Percy Sladen has described (Annals and Mag, Nat. Hist. December, 1879) 
a most remarkable form of Echinoderm from the coast of Madagascar.- While 
the ordinary starfishes present usually the well-known star-like form, with 
five or more rays springing from a central body with which they are perfectly 
continuous, the body in the Ophiurids is a rounded or more or less pentagonal 
disc, from which issue five jointed arms, quite distinct in structure from the disc 
and from the much stouter rays of the ordinary starfishes. Mr. Sladen's new 
form combines the characters of the two groups in a very singular nianner; 
and curiously enough, it is towards the somewhat aberrant forms of starfishes 
(such as Ooniodiscus) in which the enlargement of the disc and shortening of 
the rays converts the whole body into a pentagonal disc, that the new type 
seems most to approximate in outward appearance. In fact, the arms are 
for the greater part of their length enclosed in a disc formed of calcareous 
plates both above and below, but a small portion of jointed arm projects from 
each angle of the pentagon thus formed, and with the structure displayed 
along the lines of the arms on the lower surface sufficientiy demonstrates the 
Ophiuridan affinities of the organism. By careful study indeed Mr. Sladen 
makes out that the whole skeletal structure is due to an abnormal develop- 
ment of the ordinary plates of an Ophiurid; but at the same time he 
recognizes in the structure of the animal a number of characters whicb tend 
towards the Asteroida, such as a great development of the ambulacral system, 
with formation of supplementary plates separating the tentacular compart- 
ments, the extension of the peritoneal cavity into the radial portions of the 
animal, and the organization of the mouth. Mr. Sladen's paper, which is 
illustrated with an excellent plate, deserves the attention of all zoologists. 
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[PLATEB V. AND VI,] 



'HE Comatwlie, or Eeather-Stai'B, have loug been known as 
. among the moat beautiful and interesting of the inhabit- 
itB of the shallow water round our coasts. They are found in 
V parts of the world, and at all depths down to 2900 fathoms. 
lie Arctic Expedition of 1875-76 dredged two species in 
iennedy Channel, above 80" N. Lat. One at least of these is 
ommon in the seas of Spitzbergen and Nova Zembla, while a 
losely allied form was obtained by the ChaUemjer at Heard 
aland in the Southern Sea. They are largest and most varied 
1 the tropics, especially in the shallow water about the Philip- 
iHe Islands and in the Malay Archipelago. At great depths 
lej- are much dwarfed, and at the same time somewhat rare, 
le Challenger having met with them but 8e^■en times at depths 
iceeding 1000 fathoms. 

The Comaiulce belong to the Cfiiioidca, which is a very well- 
efiaed class of the great sub-kingdom Echinodkrmata, differ- 
ig from the other members of the group, e. g., the Starfishes, 
sa-Frchins, and Sea-Cucumbers, by i'ariou.s peculiarities.* 

While the Starfishes and Urchins crawl about mouth dowu- 
"rds on the sea-b'ed, by the aid of numerous sucking feet, the 
rinoids remain more or less fixed in one spot, lying on theii- 
icka or growing on stalks, with the mouth upwards. Their anns 
jiich may be from five to about two hundred in number, are 
inged by small appendages, the pinnules {PL VI, figs. 1,3,^)/,), 
tich alternate on opposite sides of each arm, and give rise 
' the appearance which is denoted by the name Feather-Star, 
lie arms may he more or less completely extended, or one or 
ore of them may be curved inwards over the mouth ; but 

* Compare ' Notea on the OphiursnB, or the Sand aiid Brittle Stara,' by 
raf, DuDcaa, F,R,8., P«p. Sci. Reidtw, N. S. vol. u. (1878) pp, a39, ,'J43. 
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they have never been seen to take part in the prehension < 
fooa. It is, however, indirectly obtained by means of tl 
arms. 

On the upper surface of each arm and pinnide there is (ii 
most cases) a narrow groove (PL V. fig. 2, /.^., and PL VI. 
fig. 1, f.g.)y which is lined by a number of those delicate 
little protoplasmic filaments, known to naturalists as cilia. 
These are in a state of continual vibratory movement, which is 
always in the same direction, viz. towards the mouth. Ciu^ 
rents are thus set up in these food-grooves, all making for the 
mouth, to which the grooves converge. Any of the smal 
alimentary particles scattered in the water which may happei 
to settle down in one of these food-grooves are thus carriec 
along it towards the mouth. The grooves of adjacent armi 
unite in succession so as to form from five to ten priman 
groove-trunks, which end in a peristomial area of variable 
size and shape. This may be either almost in the centre o 
the body (PL V. fig. 1 and PL VI. fig. 12), or altogethe 
eccentric (PL VI. fig. 11). Within this peristomial area is ; 
narrow slit, the mouth (m), into which are poured the contentBO 
the various food-grooves. This, though mostly microscopic 
appears to vary very much in character, according to circmn 
stances. Dr. Carpenter has found the stomach of the Arras 
ComatuUB to contain large quantities of the homy remains o 
infusorial animalcules, while in other specimens the horn; 
casings of Entomostraca, or of the larvae of higher Crustacea 
have been found in the stomach. I have myself removed fron 
the stomach of a large tropical Comatula the body of an Isopod 
Crustacean nearly half an inch long, while in another easel 
have found the food-grooves to contain numeroujs foramini- 
feral shells, Motalue, Biloculince, and others. 

The whole of the coiled digestive tube is lodged in the body 
of the Comatula, no part of it extending into the arms (PI. V. 
fig. 1, d,) This body consists of two parts, (1) the cup or calyx 
formed by the skeleton, and (2) the visceral mass, usually 
termed the disc, which is supported in this cup, but is sometimeB 
very readily detached from it, as has been the case with the discs 
represented in PL VI. figs. 11, 12. The disc is usually more or 
less hemispherical in shape (PL V. fig. 1), the lower convex por- 
tion fitting into the cup, while on the flattened upper surface (PI* 
VI. figs. 11, 12) is the mouth, with the food- grooves converginf 
towards it, and a tubular projection, at the end of which is the 
second opening of the digestive canal.* When the mouth tf 
central, as in the genus Antedon (PL VI. fig. 12), the anal tube 
{a.t) is in one of the interradial spaces on the disc between two 
of the food- grooves ; but when the mouth is eccentric, as ^ 

* I have one monstrosity, an Actinometra, with two mouths and tw9 
anal tuhes. 
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Aelinometra (PI. VI. fig. 11), the anal tube ie nearly or quite 

Caitral. 

In our English Comatuhf the disc ie almost or entirely hare ; 
but in many tropical forma it is covered by ft very complete 
mosaic pavement of closely fitting plates (PI. VI. fig. 12), which 
occapy all the spaces between the food-grooves, and even extend 
oat for some distance on to the upper surface of the arms and 
pinnules at the aides of their median grooves.* Most of 
file plates nearest the grooves are pierced by minute holes 

tp,), the ' water-pores.' These are the upper openings of tiny 
mel-shaped tubes, which open below into the body cavity, 
flnd are lined by cilia all woi'king inwards, so that the body 
tovity is in free communication with the estemal water. These 
pores are likewise present in Comatuhp with naked discs (PI. V. 
fig, 1. x.p.); and they have also been found on the lowest 
parte of the arms, and even piercing the plating of the pinnules, 
wiere they lead into a tubular extension of the body cavity into 
the arm, containing the generative glaud. 

On the naked discs (PI. VI. fig. 11) each aide of the fooil- 
groove is formed of on elevated fold of skin -scolloped at its edge 
W as to form a I'ow of minute triangular leaflets. At the base 
of each of these is a group of three delicate tubular tentacles, 
one of which is much longer than the other two. The leaflets 
•Itemate on opposite sides of the groove, and are oi-dinarily 
fwoted, with the tentacles projecting considerably beyond them, 
■But the tentacles may be withdrawn and the two folds closed 
^wn, the leaflets meeting in a sinuous line, so as completely to 
wver the furrow. The same is the case with the grooves of 
tile arms and of the pinnides home by them, as is seen in 
n. VT, fig. 1, while some arms are occasionally altogether un- 
Srooved. (PI. VI. fig. 2,) 

In the plated tropical Comrthilm matters are much more com- 
^icated (PL VI. fig, 10.) The edges of the groove are supported 
*y a series of more or less oblong aide-plates (adaiitbuhwral), 
fcid Mnged to the upper side of each of these is an oval covering- 
ilatef (supframbulficitil). These may be erected and the ten- 
Iwles extended, or they may be closed down so as completely 
eutral platiDE of the diac is go very complete in aome recent 
, hut no TOOutn is lisiUe at all in the dry state, Tlie fiimmitr 
^les of many Pal*ozoic Crianids, such as Ciiathocrinus, and elao of the 
^tdde appear tome to be atrictly comparable to tfaoae of theae recent foric. 
Vhftch, however, apeaks of the aumictt-platea of the Blaatt^s as non- 
''teDt OT rather as proving on close examination, to be Bryozoa, or nvuliim- 
te hodiee 1— TVojm, St. Lvuig Acad. Si-ience, vol. iv. No, 1, p, IfiO. 

T 8ome recent Crinoida have covering-platoa only, and no side-plates. 
^ Ume variahility occurs in the PaUeoijoic Crinuids, and perhaps alao in 
^^^stoid.'. Some speciea have both aeries Tepresented, though, of course, in 
('ftatly reduced form, while otliei'a have the covering-plates only. Iliiin- 
^'a desoriptioM of the zigzag-plated integument of the BltiBtoids, as 
"l^bly of an elaatic texture during the lifetime of the animal,' profeaseilly 
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to cover the groove, the succeeding ones from opposite si 
overlapping each other, while the tentacles are retracted. The 
holes, («) represented in fig. 10 between the adjacent side-platee 
mark the positions of the dark spots or ' sacculi/ which occur 
at the sides of the food-grooves of nearly every -^w^^efon, and are 
also to be foimd in the interior of the body. (Pi. V. fig. 1. «.) 

These tentacles of the Feather-stars correspond to the 
tube-feet of a Starfish-arm, and contain side branches of a 
tube which is situated in the middle line of the arm beneath the 
food-groove, and is known as the water-vessel, or ambulacral 
vessel (PI. V. figs. 1, 2, tcv,) All the water-vessels of the 
different arms imite in succession as the food-grooves do, and 
converge to join the water- vascidar ring, an annular tube, 
situated in the lip around the mouth.* From this ring a 
number of delicate tubides — the * water-tubes ' (w. t.) — hang 
down into the body cavity, into which they open. It con- 
tains water which has entered it by the water-pores on the 
disc, so that the ambulacral system is indirectly in communica- 
tion with the water in which the animal lives. We are not 
yet quite clear about the real nature of the water-vascular 
system of the Echinoderms ; but it seems tolerably certain that 
it forms an important part of the breathing apparatus of the 
Crinoids, and that it contains some oxygen-carrying substance 
which is able, in the thin-walled tentacles, to exchange car- 
bonic acid for the oxygen of the surrounding water. 

Supei'ficial to the water- vascular tube of each arm is a 
smaller tube, the radial blood-vessel {b, v,) which is connected 
like its fellows with a blood- vascular ring around the mouth. 
Situated in the vertical axis of the disc is a lobulated organ 
known as the central plexus, from its consisting of a bundle of 
blood-vessels. (PI. V. fig. 1, c.p.) Some of these terminate 
above in the oral blood-vascular ring, while others extend 
outwards into the rays and arms and surround the genital 
glands. Others again give off side branches which fonn a 
network over the digestive tube. Towards the bottom of the 
visceral disc the vessels of the central plexus group themselves 
into an inner set, surrounded by five outer ones, and so descend 
into the caljrx. They pass through the central funnel between 
the inner ends of the first radials, at the bottom of which the 
five outer vessels corresponding in position with the radials 
expand considerably so as to form the ' chambered organ. 
This consists of a central axis of minute vessels with fi^® 
chambers (PL V. fig. 1, ch,) clustered round it like the carpek 
of an orange. It is contained in a small, more or less basiii* 
shaped plate, known as the centrodorsal piece. (PI. V. fig- !• 

refers to these jlates. What he does describe, however, is somethin? 
entirely different. 

* Uompare Duncan, loc. cit. Tp^.^1-^\. 
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PI, VI. figs. 7, 9, C(f,) This iorms the dorsal or lower pole of 
the !)ody and bears on its exterior a number ol' jointed appen- 
dages, the cirri (ci.) by which the animal fmchors iteelf. Each 
cirrus is pierced by a central canal lodging a blood-veasel ft', c.) 
which is continuous through the wall of the centrodorsal with 
oue of the chambers of the chambere<i organ, or with one of the 
vessels in its central axis. 

Soldered on to the centrodorsal are the five first radials 
(PI. V. fig. 1, PI. VI. figs. 7, 9, i\.) forming the lower part of 
ihe cup in which the disc reata. Jointed on to them and 
attached to them by muscles are the five second radials (Cj.), 
Each of these in its turn bears a third or asillary radiul ('■,,), 
tke oviter face of which is not flat but roof-shaped, and usually 
bears the lowest joints {f>i\) of two anns working on it by 
means of muscles, as the second radials work on the first. 
These arms, which are thus primarily fen in number, consist 
of a series of joints that may be all like the first. But in other 
cases some of the joints may be axillary, so that the primary 
arms fork as the raya do. In the deep-sea Coinaiultp, in the 
two British species, and in those from cold climates, the ten 
Jirimary arms rarely divide, but in the tropical species the 
iorking of the rays may be so oft*n repeated that the number 
"i amis becomes verj- great, sometimes reaching nearly two 
hundred. Each arm-joint (with a few exceptions) bears a 
similarly jointed appendage, the pinnule (PI. VI. figs. I, 3, jUt), 
fhich is merely a small edition of the arm, containing pro- 
lonfjations of the water-vessel, the blood-vessel, the body- 
faritv, and in the case of the lower pinnules of the arm, the 
genital glands also (PL V. fig. 2). 

Each joint of the rays, arms, and pinnules, is pierced by a 
Mnfral canal lodging a fibrillar cord (PI, VI. figs. 1, 2, a. c), 
that proceeds through the first radials from a yellowish fibrillar 
envelope (xli) around the chambered organ, A sheath of the 
"ime substance surrounds each of the ciri'us vessels (c t.) that 
proceed downwards and outwards from the chambered organ. 

From each of the interradial angles of the chambered organ 
*ive large cords paas upwards and outwards, and fork almost 
immediately. (PI. V, figs. 1, 3.) The right branch of one fork 
and the left branch of its neighbour enter two adjacent openings 
on the inner face of each first radial. They run side by side 
lirough if* central canal and on into the third radial where 
fach of them forks. The two right branches enter the central 
•^nalof the skeleton of the right arm, while the left branches 
entflr that of the left arm to form their respective axial cords. 
Before leaving the third radial, however, these two cords are 
ynited by a transverse commissure. There are also commissures 
io the first radials. The two cords wMcb each contains are 
e nnother and with those oi adjaceTvt ladi^ft^i^ 
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one continuous circular commissure lodged like the other cords 
in i^>ecial canals. 

>yhat is the meaning of this excessively complicated 
arrangement ? Experiment shows that the movements of the 
arms are dependent upon the integrity of their axial cords and 
upon the connection of these cords with the central fibrillar 
envelope of the chambered organ. The swimming movements 
of a Feather-Star are exceedingly active, and are also performed 
with a singular regularity, when a ten-armed animal swims, 
all the five right arms are simultaneously bent, and then the five 
left arms. As long as the swinmiing lasts this alternating 
movement is kept up with the most perfect regularity. Owing 
to the length of the arms and to the small size of their com- 
ponent joints, of which there are frequently more than one 
hundred to each arm, the number of muscles concerned in the 
movement reaches at least one thousand pairs. 

Experiment shows that these muscles are imder the influence 
of a governing centre, which not only regulates their con- 
tractions, but co-ordinates these contractions in the most re- 
markable manner. This co-ordination is well sho^Ti in the 
following experiment. When one of the first pair of pinnules 
on the arm is irritated, the whole circlet of arms is suddenly 
and simultaneously closed over the disc ; but irritation of one 
of the ordinary pinnules higher up the arm is simply followed 
by flexion of the arm which bears it. The governing centre on 
which this action depends has been shown to be situated in the 
fibrillar sheath of the chambered organ ; and the axial cords of 
the rays and arms are the channels by which the influence of 
the centre is communicated to the muscles. For the swimming 
movements of the whole animal depend upon the integrity of 
the chambered organ, and may take place after the visceral disc 
has been removed from the skeleton, which contains the cham- 
bered organ and axial cords, and swims about on its own account. 
The swimming movements are therefore entirely independent of 
any structures contained in the disc. In the same way the 
movements of each individual arm depend upon the integrity 
of the axial cord of that arm, stopping directly it is injured ; 
and microscopic investigation shows that branches of the axial 
cord are distributed upoii the ends of the muscidar bundles 
which connect the successive joints of the rays, arms, and 
sometimes also of the pinnules. 

The above facts seem to show that the axial cords of th^ 
rays and arms, together with the fibrillar sheath of the chambered 
organ in which they originate, constitute a system of moto^ 
nerves of no little complexity. The only difficulty in the way ol 
this view is that nothing of the kind is known in the oth©^ 
Echinoderms. The Star-fishes, for example, have a fibrill»J 
band between the radial blood-vessel and the cellular lining of 
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median groove of eauh arm, whiuli is connected with nu oral 
;. This ring, and the bands connected with it, constitute a 
mua aystem situated on the ventral side of the body.* A 
ilar oral ring with radial prolongations occurs also in the 
ther-Stara (PI. V. fi;^s. 1, 2, it. r.). But it is altogether un- 
iiected with the muscles, and haw no influence whatever on 
Bwimming movements. After the visceral mass has been 
led out of the calyx altogether these movements go on just 
(ell aa before, while the movements of any arm are entirely 
ipendent of the ventral nerve of that arm ; for the un- 
wed arms (PI. VI. fig. 2), with no ventral nerve, swim just 
fell as the grooved arms with a ^-entral nerve, even after 
latter has been divided. In some tropical ComtiitiltE, half, 
lore than half, of the arms are in this ungrooved condition. 
While on the one hand the nervous nature of the ventral 
illar band can hardly be denied, owing to its structural 
itity with the nerves of other Echiuoderms, we must admit, 
he other hand, that the very considerable locomotive powers 
tie Covialii/w are localized in the chambered organ and its 
lections. These are altogether unrepresented in the other 
inoderraa, but in spite of this, and of the singularity of 
rposition, we cannot, with justice, refuse to consider tbem as 
'es. Some day, perhaps, their presence will be understood. 
Between the dorsal skeleton of the anus and pinnules, and 
water-vessels on their ventral side, aro three tubular pro- 
r-itions of the body-cavity. The middle one is known as the 
tal canal (PI. V. figs. 1, 2, <j, c), because it contains the 
^tal gland (oi'.) surroimded by a blood-vascular space, which 
innected with tbe vessels of the central plexus. The canals 
'e and below this one, are known respectively as the ventral 
ub-t-entacular (fit.c^) and the dorsal or cmliac (c. c). They 
municate with one another at the end of each arm or pin- 
, and are connected in the body with different parts of the 
■-cavity, which is full of water containing the products of 
ation. Tbe sub- tentacular canal arises from a large central 
3 {a, h\ in the axis of the body, ai-ound which the digestive 
I is coiled, and a current proceeds through it to the tip of 

arm and pinnule, which returns to the body by the cceliac 
I. This current is produced by the vibration ot cilia, which 
not imiformly distributed, but localized in little cups on 
op of each pinnule-joint (PI. V. fig. 2, '■/. <:.). 
'he young of tbe Featber-Star leaves the egg as a little oval 

about 3iy" '1 length, shaped somewhat like a small barrel, 
surrounded by four hoops of long vibratile cilia with a still 
er tuft of them at its hinder end (woodcut a). By means 
lese cilia it swims about in the water. After a while, 
ler limestone rods make their appearance near the front 
■ Compare DiincBn, foe. dt. pp. n4fi-:!5I. 



POPl'LAB BtlBNCB KBTIEW. 



end, and by repeated forking and joinino; these rods giTe riw 
to ten plates of a delicat« calcareoue network, Trhioh are arranged 
in two cross rings of five plates each (woodcut b). Paaaing Mck- 




(after Sir Wjim 



wards from beneath the centre of the lower ring of plates is a " 
aeries of delicate calcareous rings, which become supported, later 
on, by bundles of longitudinal rods forming inside them. The last 

irtesy of Sir John Lubbock for permiBnon 
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ittese bundles, at the hinder end of the larva, reeta against a 
irciilar plate of considerable relative size. At this stage the 
irva has the form of a bent club or rod with an enlarged head, 
"he ciliated bands disappear, and it gradually loses its power 
E Bwimming, attaching itself to some stone or other solid sub- 
' mcB by its ba.se, the knob of the club being free {woodcut i ). 

lis knob gradually becomes the body of the future Comniiiln ; 
rhile the series of rings between it and the base of attachment 
lake up a short supporting stem. This is known as the Peufn- 
rinoid stage of development, owing to the resemblance between 
t and another Crinoid {Pentacriiim) which remains stalked 
hroughout life, while the larval Comaiula is only so for a time. 
I'op it eventually separates itself from all but the top joint of its 
tem, and anchors itself by the cirri that are developed upon 
ais top joint; which developes into the permanent centrodorsal 
aece, being rather larger than the other stem-joints from the 
rery first. The ring of plates resting upon it are the basals, and 
he plates above them, the orals. The enlarged head gradually 
becomes five-lobed, each lobe answering to an oral plate ; and 
after a while these plates separate like the petals of a flower 
lO as to expose in tiie centre {Antedou) the opening of the 
permanent mouth. Around it are five groups of three tentacles 
Each, alternating with the oral-lobes. At this early stage no 
radials are present, but only the basal-plates resting upon the 
centrodorsal piece beneath, and supporting the orals above. 
Tie space between these two I'ings gradually increases, the 
orals being carried away from the basals as the calyx widens 
out. The first radials appesu* in this intervening space between 
the basale and orals, alternating in position with both ; and in 

correspondence with them the rays grow out as rapidly- 
elongating processes, in which the other radials are success- 
ively developed, so that the diameter of the calyx increases 
'^■. The oral plates retain their primitive relation to the 
™onth, and so get carried further and further away from the 
™sals, while the first cirri begin to appear on the centro- 
uoreal ring that supports the basals. The orals graduuUy 
^come absorbed, and soon after the head detaches itself from 
"le stem and commences life as a free Comaliihi they dis- 
appear altogether. At the same time the basals undergo a 
*erj singular seiies of changes which result in their being no 
"^D^ger visible on the exterior of the calyx. 

Very soon after the young Comntitla is detached from its 
"^rn, the centrodorsal begins to extend itself over the dorsal 
'*J^rface of the ring of basals so as finally to conceal it altogether. 
■*' tbe same time the shape of these plates becomes altered by 
'f nioval of one part and the deposition of new calcareous matter 
*); Another part. Tbe original ring of five pentagonal plates 

"" idergoea transformation into the ' rosette,' a small 
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rayed circular plate (PL YI. fig. 8) which roBtsonthe middle of 
the upper surface of the centrodorsal piece so as to cover in 
the chambered organ above. (PL V. fig. 1, ro.) It is lodged 
in the lower part of the funnel formed by the first radiak, 
which now rest directly on the centrodorsal, and it becomes 
more or less closely united to their inner ends, so that when 
the circlet of radials is separated from the centrodorsal, the 
rowtte comes away with it. This is shown in PL VI. fig. 6, 
representing the imder surface of the radials of Antedon ceUica 
with the rosette (ro) in the centre of the ring formed by them. 

This metamorphosis of the basals of recent Comatulce into a 
concealed rosette is a very singular circumstance, because it 
sliows that the Comatn1(e have, as it were, taken a new departure, 
and have branched off from the type of Penfucrinus in the 
resemblance of which they have developed. In all the recent 
PetitacnnuH species and in most of the fossil ones the radials are 
cut off from the top stem- joint by a more or less complete ring 
of basals. (PL VI. fig. 3, h.) These basals are sometimes small, and 
only just in contact by their central ends, while their outer ends 
appear externally as small buttons separating the radials from the 
top stem- joint at the angles of the calyx. There is every gradation 
between this condition and that in which they meet one another 
all round, so that the radials rest entirely upon them, and are 
nowhere in contact with the stem- joint ; but we know of no 
recent Pentacrinus in which the basals do not appear externally, 
though some of the fossil forms are in this condition. On the 
other hand we have no certain knowledge of any fossil Comatulw 
with a rosette. The earliest known ComattcJ/v occur in the 
Inferior Oolite of this country. Figs. 4 and 5 on PL VI. are 
two views of the calyx of one of them, Ant, cheltonemis. The 
difference between them and figs. 6 and 7, which represent the 
corresponding parts of a recent species, is at once apparent. la 
the fossil the basals form a five-pointed star, lying beneath the 
imder-surface of the radials (fig. 5) ; while in the recent species 
all that remains of them is the inconspicuous rosette occupying 
the gap between the inner ends of the radials (fig. 6). 

The Oolitic rocks of South Germany and of Switzerland, 
which are of approximately the same geological age as the 
C)xford Clay and Coralline Oolite of the British area, contain 
several different kinds of ComaiulcB^ far more than are known 
in this country. Fig. 9 on PL VI. represents the calyx of one ai 
them. Ant. scrohiculata. 

All the Oolitic Comatula have basal pieces like those of this 
species and of Ant, cheltonensis (figs. 4, 5), though they are not 
always so large. In some forms they do not appear at all on 
the outside of the calyx, so that they are only visible in speci- 
mens from which the centrodorsal has been removed. This is 
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ipecially marked in the Cretaceous species ; for while some 
Kilitic forms have i-eally large extemtJ bosals, this is not the 
■86 in any Cretaceous species, while they are occasionally 
iemt altogether. As, however, we are unable in these casen 
|b see the interior of the calyx, it is inipo.saible to determine 
irhethGr el rosette is present or not. It is the same with 
&ie only two Tertiary species the caltcea of which are known 
tens. * 

We cannot, therefore, say with certainty when the Cowaiiilce 
list ceased altogether to retain their larval faasals on the estorior 
Itke calyx, as Pfiiiacri mis specie^ do still {though some of them 
ormerly did not), and as most of the Oolitic Coiuaiu/m did. 

It is certain, however, that the final change occurred after 
She middle of the Cretaceous period; iorAtitedoii Luniiffrciii, from 
llie TJppor Chalk, had Penf<iirii)iii'-liko baaols appearing extor- 
IsUy, The disappearance of the basals from the exterior of 
le calyx was not completed, therefore, even at this oompara- 
fiTely recent date ; and it is just possible that a very remark- 
iWe species, now living (Pj in the Indian Ocean, may he the 
lut survivor of this more generalized form of Comaiiih, with 
Peiilacrinus-UkB basals and no rosette. Unfortunately but oue 
iniDple of this species has ever been discovered. Fifty years 
igo it was dissected, and a description was written of it ; 
wit it is not complete enough to enable ns to settle this 
interesting question. At any rate, none of the deep-sea 
^Jmaiuta: brought home by the Challemji^r have any resemblance 
lo the older species, every one of them having a rosette. 

Other questions which naturally arise are the following : 

'or what reason did the basals of Comattilfe cease to be five 

Mre or less separate pieces and undergo transformation into 

nerosette ; and why is it that Pentaeriiuis and Comatuh have 

■ried in different directions? All recent Pcnfao-mHS species 

■ve external basals, but some fossils have not. Some fossil 

^'tatulir have them and others have not; hut they do not 

j^pear in any recent fonns (with one possible exception), for 

*^ larval basals never become prisms or wedges the outer ends 

* Which remain external like those of Peiitacrinus, but they 

^^ppear altogether into the interior of the calyx. These ques- 

j**ls must remain unanswered, at any rate, for the present, if 

1**^ permanently. 

L _ It may be pointed out, in conclusion, that in the class 
fiaoidea, as in so many other groups of animals, the recent 
i*Tns are the most highly specialized ; and the further we go 
, ek in geological time, the more nearly (on the whole) do the 
^^natvlw approach Pentiierhtm and other stalked Crinoids to 
^ch they have so much resemblance in their early stages of 
^^elopment. 
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DESCRIPTION OF THE PLATES. 
The foUoxcing letters denote the same parts throtiffhout all the plates, 
a. h. Axiftl body cavity, a. c. Axial corda of the skeleton, a, t. Aoal 
tube. 6. Ba^als. hr^, hr^ 6r„ kc. First, second, and third brachials, &c. 
hv. Radial blood-vessel, c. c, Coeliac canal, cd, Centrodorsal piece. 
ch. Chambered onran. ct. Cirrus, ct. o. Ciliated cupi<. c. p, CeDtra] 
plexus. c. pi. Covering-plates of food-groove. c. v. Cirrus-vessel 
a. Digestive tube. e. Epithelial lining of food-groove. /. g. Food-groove. 
g.c. Genital canal, m. Mouth, n.v. Ventral nerve, ov. Ovary, pi. Pin- 
nule, p. j. IHnnule-joint. r,, r^ r,. Rrst, second, and third radiak. 
TO. Rosette, s. Sacculi. sh. Fibrillar sheath of chambered organ. 8. pi. 
Side-j^tes of food-groove, st. c. Sub-tentacular canal, t. Tentacle. 
w. /^ Water-pores, w. t. Water-tubes, ir. i\ Water-vessel. 

PLATE V. 

The three ^figures on this pint e are copied, xcith slight variations, from Dr. E 
Ludwig's * Beitrdge zur Anatomie der Crinoideen,^ Morphologische 
Studien an Echinodermen, Vol, I. IMpsdg, 1877-1879. 

Fio. 1. Diagran^matic vertical section throtigh the body of Ant. rottm, 
On the ri^ht side the section passes along a ray, and on the left 
side it is mterradial. 

Explanation of the shading: black, nervous system; red, blood- 
vascular system ; oblique shading, water-vascular system. 
Fio. 2. Cross section of a pinnule of a sexually mature female Ast, 
Eschrichtii. x 60. 

The exigencies of space have necessitated the reversal of this 
figure. The skeleton should be downwards, and the food-grore 
upwards, as in fig. 1 . 
Fig. 3. Diagram of the distribution of the axial cords within the calyi d 
Comatida, showing their origin in the fibrillar envelope of tlw 
chambered organ. 

PLATE VI. 

Figures 1, 2, 10 atvd 12, by j^^rmission of the Lords Commissioners of the 

Treasury. 

Fig. 1. l*iece of a grooved arm of a new Avtinometra from the Philippne^ 

seen from above, x 4. 
■ Fig. 2. Piece of an ungrooved arm of the same specimen, x 4. 
Fig. 3. Calyx of a recent Pentacrinus, from the side, x 4. 
Figs. 4 and 5. Side and under views of the calyx of Antedon cheltonensi 

from the Inferior Oolite of Cheltenham, x 4. 
Fig. C. Under view of the calyx of Ant. celtica, showing the rosette (w) 

in the centre of the ring of first radials (r,). x 71 
Fig. 7. Side view of the united calyx and centrodorsal piece of the saiw 

species, x 7. 
Fig. 8. Rosette of Aiit, rosacea, seen from above, x 16. 
Fig. 9. Calyx of Ant. scrohiculata, from the White Jura of Wurttembeif- 

Copied from Goldfiiss. 
Fig. 10. Side view of three joints of a pinnule of a new Antedon from th« 

Pacific, showing the side-plates (s, pi.) bounding the food-groovc> 

and the covering-plates (c. pi.) which rest upon them. The daA 

spots between every two side-plates indicate the positions of the 

sacculi. X 20. 
Fig. 11. Disc of Act. Solaris, with open food-grooves. Seen from abotfc 

X 6. 
Fig. 12. Plated disc of a new Antedon from the Pacific, with the foo^ 

grooves converted into tunnels by the folding down of the coveiiBf 

plates at their sides, x 5|. 
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PEOM a builder's poiut of view tte name of Portland Si 
r has a very different meaning from that it would havi 
he mouth of a geologist. To the former it would sigmfy the 
iroduce of cert-ain quarries, whence the atone employed in 
luilding St. Paul's Cathedra! and other edifices was obtained ; 
rhile to the latter it would indicate the produce in the way of 
imestones more or less suitable to building of a certain period 
f the earth's history. The first is much the most restricted 
leiiniiig ; for, howe^'er great similarity geologists may find in 
lie same formation when traced over wide areas, for practical 
urposes, such as the diacovory of valuable building stone, it 
) veil known, or should be, that the minor changes in a bed 
ike place very rapidly : so that it is a rare circumatance to 
nd stone, though ou exactly the same geological horizon, 
aving the same value in quarries a few miles apart. Igno- 
ance of this fact is said to have been the cause of the I'ailure 
1 the selection of good samples of dolomite for the construc- 
itm of the Houses of Parliament ; the stone of one quarry was 
Bcommended, and the substitution of stone from another 
Barry was thought to be inunaterial, the stone being geo- 
IBically the same. 

In the case of the Portland Stone, though so-called Port- 
|Bd rocks are quarried in many places and used for building, 
I not one of them, except at a quarry near Tisbury, is the ■ 
^kable stone on the same geological horizon or of the same I 
jali^ aa that which is so famous. By an accurate survey of , 
' the localities in which Portland rocks have been worked, 
e details of which have recently been laid before the Geo- 
gical Society, I am enabled to reconstruct, to a certain 
■tent, the physical geography of the period, and to assign 
fe various beds of workable stone to their proper position i 
fthe series. 
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During the latter part of that portion of time known on 
the Continent as the Upper Jurassic Period, in which our so- 
called Middle and Upper Oolites were formed, the greater 
part of what is now France and England was submerged 
l)cneath an open sea, into whose depths fell gradually the nne 
argillaceous deposits of the Oxford and Kimmeridge daji. 
These were doubtless derived in large measure from the denu- 
dation of the Lias, which spread m former times far to tie 
west of its present boundary, and whose worn edges were 
covered in Dorsetshire and Devonshire by the deposits of the 
next subsequent submergence, the Greensand and Chalk. This 
open Jurassic sea did not retain an unbroken tranquillity; 
again and again was its floor upheaved, or other disturbances 
took place which left their marks in the changed nature d 
the rocks, and these changes were not continuous over the 
whole area, but were limited now to one locality and now to 
another. Nor did they take place approximately at the same 
time ; for while the clay was still being deposited in one place, 
we learn both from actually tracing the rocks and by exft- 
niining their fossil contents that limestone or sand were being 
formed at another. To these local changes and their resulting 
deposits the name of episodes has been assigned; and thiu 
we may speak of the Portland rocks as representing the later 
of the two episodes which in our own country affected thie 
upper Jurassic seas. It has been the custom amongst Con- 
tinental geologists to call by the same name the later of two 
episodes that have affected their particular coimtry; that is, 
the upper mass of limestone foimd in the midst of their clays 
has been called Portland. These, however, have nothing in 
conamon with our own except the order in which they have 
occurred. They are all of greater antiquity ; and nowhere out 
of England are true Portland limestones found except at 
Boidogne and, as is reported, in the Pays de Bray. 

In the general rise of the earth's surface which closed for 
us the Jurassic period, the area surroimding the English 
Channel appears to have remained longest below the sea, and 
to have contained the last deposits of that era. There is some- 
thing peculiar, therefore, about the circumstances of the deposi- 
tion of our Portland limestone which is of interest in itself. 
Moreover, of all the beds which pass by that name in England 
amongst geologists, that which has been celebrated amongst 
builders is the youngest. 

This will be seen by a brief account of the * Portland Stone' 
as a building stone, as it is worked in the various parts of the 
country where it occurs, beginning at the north, and ending at 
the typical locality in the extreme south. There is no great 
thickness of these rocks at their most northerly localities, 






■ ITIE POltTLAND UUILUING STONE. 207 

ougli ttey cannot be said to die out. Numerous quarries nre 
>ened in them along a range of country about six miles broad, 
^ct extends from a little north of Aylesbury to a line 
etween Brill and Thame. The best quarries are on the road 
kotween the latter town and Aylesbury ; those at Stone having 
been worked over two hundred years, and many good build- 
ings erected from thera. There are two main blocks, the upper 
8 softer and more uniform stone, and the lower hard, irregular, 
and foasiliferous, with a bed full of Trigonias at its base. 
In the neighbourhood of Brill a particular bed, perhaps even 
lower in the serits, is a rather more sandy limestone of darker 
colonr, known as the ' greys.' None of these are oolitic, or 
of rach super-excellent quality as would ever draw general 
allention to them. Though of no great thickness or impor- 
tfinee, they are the only representatives of the Portland Stone 
in this district, for immediately above lie thin-bedded, white, 
freshwater limestoneB usually assigned to the Purheek series. 
It is interesting to see the rapid change from one condition 
to the other without any mark of disturbance, and difficult to 
coneeive the exact set of circumstances that should have rendered 
It possible ; yet occasionally one does get a glimpse of the 
intervening conditions, as when in a quarry is seen a great 
rounded excavation, in shape like the section of a river, filled 
*ith the mud of Purbeck times, and then buried and preserved 
hy overlying deposits. In such a case one sees the very river 
which emptied itself elsewhere into the lake where c}'prids 
abonnded, pond-snails flourished, and insects dying dropped 
their tiny wings. In places, too, we even find the boundary 
of the area of deposit, or at least its neighbourhood, where all 
Jliings seem reduced to a minimum, and formations elsewhere 
important lie in a few feet. Thus in a quarry at Long Crendon 
iiay be seen in not more than eight feet four formations, 
ilefow is the Portland Stone, here worked for rough building 
material, then a foot or two of Purbeck-limestone beds broken 
^t the top, then the ferruginous beds of the Lower Greensand, 
Ind over all about two feet of Gault with characteristic fossils ! 
!Jo wonder in such a neighbourhood the Portland rock should 
te somewhat deficient. 

The worked stone of Oxfordshire is but a continuation of 
he same bed in Bucks, and is of no great value. Nevertheless, 
t Great Hazeley are beds which have long been worked, and 
re of a more solid quality; at the base, and also above the best 
ilock, is a bed full of the characteristic Trigonias. 

The next district in which Portland Stone is worked is near 
iwindon, in north Wiltshire. Tbe same beds which we have 
Iready seen yielding an infei'ior kind of stone are worked for 
seal purposes in small qiiarries in the neighbourhood of that 
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town, and in a small outlier at Bourton. But the great 
quarries at Swindon itself, yielding a stone of considerable 
importance and which has been very largely worked for hoases 
and churches in the district, belong to a higher part of tlie 
series ; in fact, they are seen overlying the other. The stone 
here occurs in a very curious maimer. There is a con- 
siderable thickness of soft material, consisting partly of loo§e 
calcareous sands and partly of comminuted shells, with occa- 
sionally a layer of decomposed but not broken shells. In 
this mass are great blocks of irregular shape, lying often 
in the direction of some falsebedding rather than horizontally. 
These are indurated by so great an amount of calcareous 
matter, that where the sand was originally prevailing they 
are hard and gritty; where the shell fragments were once 
the main constituent they become excellent building stone ; but 
from their irregularity, working them must be somewhat pre- 
caiious. In this quarry a geologist cannot fail to be struck 
with the singular complexity of the succeeding deposits, which, 
as will be seen, must represent in time the period when the 
far-famed stone of the Isle of Portland might have been 
forming. One can see represented as in a picture many of 
the features of that ancient land, on which but little further 
to the south flourished the cycads and conifers of the Purbeck. 
Here one may almost see the petrifying spring issuing from 
the underlying limestones, by its consolidated deposits of calc- 
tuff; there one may trace the winding course of the ancient 
river, with its stone-covered base and muddy banks, its channel 
now filled with carbonaceous clay. Here is represented the 
tranquil lake, in which the calcareous matter sank to rest or 
was precipitated ; and there, perhaps, the remnant of the soil 
which once covered the dry land, but was redistributed on its 
submergence. The teachings of this quarry are most in- 
structive and interesting, though one unversed in field geology 
might need some guide, philosopher, or friend, to read them 
for him aright. 

Out of the Isle of Portland itself, the best stone is that 
obtained from the Vale of Wardour, through which the South 
Western Railway runs between Salisbury and Templecombe. 
There are many large quarries about Tisbury which send stone 
away far out of the district, though less appears to be worked 
there now than there formerly was. This stone is on the same 
geological horizon as that which is foimd in the great quarry 
at Swindon, and with one exception all the quarries are 
excavated for this. It is, however, of a very superior quality. 
It is scarcely a limestone, but rather a calcareous freestone, for 
it is composed of very fine grains of sand consolidated by 
calcareous matter. It is sometimes obscui*ely false-bedded, and 
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jomparatively free from joints. The quarries present per- 
>endicular cut faces, retaining the marks of the instruments 
ised for the extraction of the stone. Blocks of considerable 
jize are extracted, and easily cut while soft into any required 
pattern; the colour, however, is not very good in the fresh 
itaie, being a yellowish-grey, but soon tones down on exposure 
bo the weather into a nondescript * stone ' colour ; and in this 
respect, therefore, the stone is inferior to the production of the 
island. In some quarries the goodness of the stone is interfered 
with, though its interest for geologists is increased by a band of 
shalcedony, which has congregated sometimes round Trigonias 
and sometimes roimd corals. The latter are very beautiful 
3bjects, of which specimens are scattered through many collec- 
tions ; but they are now apparently utterly exhausted, and no 
more are to be obtained. These bands have doubtless, like 
the flints, been formed by infiltration through the surrounding 
mass, but here lie in bands instead of irregular nodules, because 
[)i the more rejndar stratification of the rock in which thev 
occur. Mentioning these, however, it may be added that over- 
lying these very building stones and forming their * bearing ' 
is a mass of white, calcareous, soft rock with siliceous nodules, 
80 exactly like the ordinary chalk and flint, that they might 
easily deceive a casual observer, and actually differing in 
scarcely anything but their fossils, and consequently their age. 

But in this district there is one great quarry in which a 
higher stone is worked ; this lies above the chalk}' rocks just 
mentioned, and thus is separated by them from the lower free- 
stone. This higher stone is a very beautiful one ; it has a 
brilliant white colour, and rings like a bell beneath a blow of 
the hammer; it is very free, very soft when first extracted, 
and large blocks may be obtained; moreover, to judge from 
the colour of the cast-out refuse, it does not easily discolour. 
It would seem, then, to have everything to recommend it ; 
it is, however, somewhat coarse in the grain, and holes occur 
in it here and there ; and, as far as can be seen, it must be 
very limited in quantity. Its high position in the series, and 
the succession of the overlying Purbecks, point it out to be on 
the same horizon as the true Portland Stone, so that the 
circumstances which favoured the production of a valuable 
quality may have here been repeated. The celebrated *dirt 
bed/ with trees, of the Isle of Purbeck, is here repeated ; the 
Vegetable soil, the stems of the trees, but not as yet the roots. 

The only remaining area in which Portland Stone is worked 
la the typical district which extends from Portland as far as 
Swanage on the east and Upway on the north. The upper 
lurface of the Island of Portland may almost be described 
is one great quarry, so riddled is it everywhere by excava- 
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tions. The lower part of the * stone/ resting at a considerable 
elevation on the * sand/ is very flinty and of no use for build- 
ing, though it represents, with the single exception above 
noted, the building stones of all the other districts. It is a 
remarkable circumstance that the flint is only developed at 
those places which have limestones of the same series overljmg 
the beds, and the more of this overlying limestone there is 
the more flint is found. It is as if the flint were derived from 
this limestone and passed from it into the beds below. The 
upper part, however, of this flinty series contains beds which 
yield a very good stone, though not the best. Here the flints 
are few and rar between, and only spoil the six or eight inches 
in which they lie. These beds are very inconstant, and, in- 
deed, are more or less false-bedded; they increase in a few 
hundred yards to a workable thickness, and in a few hundred 
more become almost worthless. 

The most valuable stone is known as the Whit or White 
bed; towards the east of the island this is seen to become 
false-bedded and to thin out, lying on a worn surface of the 
older series, but towards the west it attains a thickness of eight 
or ten feet, and is at its best. The grains of which this lime- 
stone is ordinarily composed are very small, and probably 
represent minute fragments of shells, though towards the tOT 
it is partially oolitic. Its qualities are too well known to need 
description, one of its chief peculiarities being its freedom from 
fossils; blocks of it give a fine bell-like tone, not, however, 
superior to that of the Tisbury stone. Over this in th^ island 
alone is found a remarkable rock, known locally as the ' roacL' 
It is wholly composed in one sense of shells, and yet in another 
sense there is not a shell in it. Originally it was a mass of 
shells, chiefly a doubtfidly marine species, Cerithium port- 
lancHciim, or the * Portland Screw.' These lay as close to one 
another as they could, the intervening spaces only being filled 
with some calcareous d^hriSy subjected subsequently to some 
process similar to that which has dissolved the silex out of so * 
many fossil sponge spicules and deposited it around them; the 
shells have all been dissolved, and only that part of the rock 
remains which was not shell, that is, the surrounding matrix 
and the internal cavity, so the roach is full of the holes where 
the shells have been, and contains models of their outside and 
inside. In this central spot — the last to emerge from out 4 
the fostering sea — the enfeebled inhabitants of the period were 
congregated, and here they were together overwhelmed and 
found a common grave. 

Although at so short a distance from Portland, neither 
Upway nor the Isle of Purbeck yield such good stone as dtt 
island. At the former place there is very little even to repre- 
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!nt the building stone ; almost all ia ch«lky, and at the base 
int-bearing. All along the coast from St. Alban'a Head to 
wanage one part or other of the series is found ; but though 
le representatives of the upper stone may be recognized by 
geologist, their value is obviously coTnpara lively smalL At 
le coast south of Worth- Mai tra vers, and at Tillym, stone is 
xtract«d, but it is obtained from a distinct bed, developed 
t a lower level than the White bed, and scarcely represented 
1 the island. It is a very good freestone, white, and of fine 
Tain, but large blocks have to be mined for. 

These are the whole of the En^ish localities where ' Port- 
and Stone ' is quarried, but the same rocks yield an abundant 
apply in the neighbourhood of Boulogne. Some of the stone 
lere worked belongs undoubtedly to the same horizon us the 
Dwer beds at Portland, but the great quarries of Mont Lambert 
ind Chatillon are said by the French geologists to belong to an 
!arher episode. Dr. Fitfon was of a different opinion, and a 
nasty examination of them leads me rather to coincide with 
bim in this. The similarity of the rocks to those at S-vindon 
U remarkable in the extreme. 

Such are the Portland building stones. One very remarkable 
feature about them is that they are not as a rule oolitic. Beds 
of very clean oolite do occur among them, consisting of the 
little rounded grains alone, with scarcely a particle of visible 
cement, but those that are of value have seldom any of tliese 
grains ; they consist rather of exceedingly tine fragments, when 
My structure can be made out, derived from sheila and other 
organisms. This peculiarity has been noticed by Mr. Sorby in 
bis anniversary address to ^e Geological Society for 1879, and 
1 remarkable addition made by a study of the microscopic 
structure. He states that the most abundant fragments are of 
Echinoderms, Brachiopoda, Ostreas, Polyzoa, and Aviculic, 
■'ow except the oytster itself, rarely associated with the actual 
•uilding stone, all the others are exactly the classes of organisms 
''hich can seldom or never be found in the rocks. Echinoderms 
^e of excessive rarity, while no one has ever seen to my 
Jiowledge a single Brachiopod, Polyzoan, or Avicula in the 
orthmd limestone. The absence of Brachiopods especially is 
Bmarkable, though certaiEdy they were not abundant in the 
"Orallian limestones, yet in most limestones they are numerous. 
'id they exist and become universally ground to powder ? or are 
le fragments of shells not those of animals living at the time, 
tit derived from older rocks ? If the Kimmeridge Clay were 
erived from the Lias, the I'ortlund Stone might well he derived 
^tjm the Bath Oolites. There is a singular absence, too, of 
irals ; the accompanying absence of oolite lends strong support 
Jie view that these two are intimately connected. These 



212 



POPULAR SCIENCE REVIEW. 



observations on its structure lead to the conclusion that a large 
proportion at least of Portland Stone is derived not directly 
from broken-down shells forming calcareous mud, and subse- 
quently consolidated, but from previously formed shelly lime- 
stones, either nearly contemporaneous or more remote in time. 
At all events, the name * Portland Oolite ' is to a great extent 
a misnomer, and for some of the rocks which are worked as 
building stones, * Portland Limestone ' is not much better. The 
great value of the stones is derived from their being so finely 
and uniformly groimd, while their calcareous cement gives 
them the quality of many limestones of being easily worked, 
and these advantages are shared, though in a minor degree, 
by the beds at Worth, the Vale of Wardour, and Swindon. 
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CLISIBING PLAXTS.' 
FRANCIS D.VRWIX, F.LS. 



[THINK most people have a general idea of what a climbing 
plant ia. Even in the smoky air of London two repre- 
(enfativea of the class flourish. A certain honse in Portman 
Square shows how well the Virginian creeper will grow ; and 
tie ivy may be seen making a window-screen for some London 
lining- rooms. 

Many other climbing plants will suggest themselves : the 
^ine, the honeysuckle, the hop, the bryony, as forming more or 
'ess striking elements in the vegetation. 

If we inquire what qualitieB are common to these otherwise 
^ifiercnt plants, we find that they all have weak and straggling 
'lems, and that instead of being forced, like many weakly-built 
'lants, to trail on the groimd, they are all enabled to raise 
hemaelTeB high above it, by attaching themselves in some way 
!> neighhouring objects. This may be effected in different 
"ays; by clinging to a flat surface, like the i^"y, or twining 
^Und a stick, like the hop, or making use of tendrila, like the 

>ne. 

These various contrivances have been studied by more than 
fie German naturalist, as well as by my father, in whose book 
a the Hnhits of Climbing Plaids very ftill details upon this 
ibject will be found. 

Climbing plants are, first of all, divided roughly into those 
'tich twine and those which do not twine; twiners are repre- 
^ted hy the hop and the honeysuckle, and all those plants 
'tich climb up a stick by winding spiraDy round it. Those 
'iich are not twiners — that is, which do not wind spirally round 
stick — -are such as support themselves by seizing bold of any 
'Cighbouring object with various kinds of grasping organs; 
hesc may be simple hooks, or adhering roots, or they may be 
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elaborate and sensitive tendrils, which seize hold of a stick with 
a rapidity more like the action of an animal than of a plant 
We shall come back to this second-class of climbing plants, and 
shall then consider their various kinds of seizing organs. I 
merely wish now to insist on the importance of distinguighing 
betwwn these two methods of climbing, in one of which flie plant 
ascends a support by travelling spirally round it, in the oih« 
fixes on to the support by seizing it at one place, and continuing 
to seize it higher and higher up as its stem increases in lengtL 

I have heard the curator of a foreign botanic garden bitteriy 
complain of his gardeners that they never could learn the dif- 
ference between these two classes of climbing plants, and that 
they would only give a few bare sticks to some tendril-bearing 
plant, expecting it to twine up them like a hop, while the 
plant really wanted a twiggs^ branch, up which it might creep, 
seizing a twig with each of its delicate tendrils, as it climbed 
higher and higher. These two kinds of climbers— twiners and 
non-twiners — ^may be seen growing up their appropriate sup- 
ports in any kitchen-garden where the scarlet-runners twine 
spirally up tall sticks, while the peas clamber up the bushjr 
branches stuck in rows in the ground. 

A hop plant will supply a good example of the mode of 
growth of true twining plants. Let us imagine that we have 
a young hop plant growing in a pot ; we will - suppose that it 
has no stick to twine up, and that its pot stands in some open 
place where there are no other plants to interfere with it. A 
long thin shoot will grow out, and not being strong enough to 
support itself in the upright position, will bend over to one 
side. So far we have not discovered anything remarkable 
about our hop ; it has sent out a straggling shoot, which has 
behaved, as might be expected, by falling over to one side. 
But now if we watch the hop plant closely, a veiy remarkable 
thing will be seen to take place. Supposing that we have 
noticed the shoot, when it began to bend over, pointed towards 
the window — say a north window— r- and that when we next 
look at it after some hours, it points into the room, that is 
to say, south, and again, north after another interval, we shall 
have discovered the curious fact that the hop-plant has a certain 
power of movement by which its shoot may sometimes point in 
one direction, sometimes in another. But this is onlv half 
the phenomenon, and if we examine closely, we shall find that 
the movement is constant and regular, the stem first pointing 
north, then east, then west, then south, in regular succession, 
so that its tip is constantly travelling roimd and round like 
the hand of a watch, making on an average, in warm August 
weather, one revolution in two hours. Here, then, is a most 
curious power possessed by the shoots of twining plants, which 
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B worth inquiring farther into, hoth as regarda the way in 
'hich the movemeut is produced, and as to how it can he of 
oy service to the plant. Questions are ofton asked in garden- 
^ig periodicals as to how hops or other climbing plants always 
Mumge to grow precisely in the direction in which they will find 
.support. This fact has eiirprisod many ohservors, who have 
ipposed that climbing pUints have some occult sense by which 
ley discover the whereabouts of the stick, up which they suhse- 
oently climb. But there is in reality no kind of mysterj' in 
le matter : the growing shoot simply goes swinging round till 
meets with a stick, and then it climbs up it. Now a rcvolv- 
ig shoot may be more than two feet Irng, so that it ntight be 
Btained in its swinging-round movements by a stick hseii into 
le ground at a disljince of nearly two feet. There wouhl then 
» a slriiight bit of stem loading from the roots of the plant, 
1 a straight line to the stick up which it twines, so that an 
iserver who knew nothing of the swinging- round movement 
ight be pardoned for supposing that the plant had in some 
ay perceived the stick and grown straight at it. This sumo 
>wer of s(vinging round slowly comes into play in the very ait 
' climbing up a stick. 

Suppose 1 take a rope and awing it round my head : that 
ay be taken to represent the revolving of the young hop-shoot. 
:, now, I allow it to strike against a rod, the end of (lie rope 
'hieh projects beyond the rod curls freely round it in a spiral. 
nd this may be taken as a rough representation of what a 
Ijnbiug plant does when it meets a stick placed in its way. 
aat is to say, the part of the sboot which projects beyond the 
ick continues to curl inwards till it comes against the stick ; 
nd as growth goes on, the piece of stem which is projecting 
'is, of course, all the while getting longer and longer ; and as 
it is continually trying to keep up the swinging-round move- 
ment, it manages to curl rouncl the stick. But there is a 
difference between the rope and the plant in this ; that the 
rope curls round the stick at the same level as that at which 
it IS swung, so that if it moves round in a horizontal plane at 
a uniform height above ground, it will curl round the stick at 
that level, and thus will not climb vp the stick it strikes against. 
But the climbing plant, although it may swing round when 
searching for a stick, at a fairly uniform level, yet when it 
curls round a stick, does not retain a uniform distance from 
the ground, hut by winding round like a corkscrew it gets 
higher and higher at each turn. 

One may find a further illustration of the action of twining 
in the swing! ng-i'opc model. It is u peculiarity of twining plants 
that they can only ascend moderately thin support* A scarlet- 
can climb up a hit of striag, or a thm stick, an inch or 
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two in diameter, but when it comes to anything thicker than 
this, it fails to do so. Just as when the swinging-rope strikes 
against a large trunk of a tree, it would be unable to take a 
turn round it, and would fall to the ground instead of gripping 
it with a single turn, as it does a thin stick. The difficulty 
which a climbing plant has in ascending a thick stick will bie 
better imderstood by going back to the original swinging round 
movement which the plant makes in search of a stick, and 
considering how the movement is produced. 

As plants have no muscles, all their movements are produced 
by unequal growth ; that is, by one-half of an organ growing 
in length quicker than the opposite half. Now the difference 
between the growth of a twining plant which bends over to 
one side, and an ordinary plant which grows straight up in the 
air, lies in this, that in the upright shoot the growth is nearly 
equal on all sides at once, whereas the twining plant is always 
growing much quicker on one side than the other. 

It may be shown by means of a simple model, how unequal 
growth can be converted into revolving movement. The stem 
of a young hop is represented by a flexible rod, of which the 
lower end is fixed, the upper one being free to move. At first 
the ro 1 is supposed to be growing vertically upward, but when 
it begins to twine, one side begins to grow quicker than any 
of the others ; suppose the right side to do so, the result will 
be that the rod wlQ bend over towards the left side. Now let 
the region of quickest growth change, and let the left side 
begin to grow quicker than all the others, then the rod will 
be forced to bend back over to the other side. Thus, by an 
alteration of growth, the rod will bend backwards and for- 
wards from right to left. But now imagine that the growth 
of the rod on the sides nearest to and furthest from us enter 
into the combination, and that after the right side has been 
growing quickest for a time, the far side takes it up, then the 
rod will not bend straight back towards the right, as it did 
before, but will bend to the near side. Now the old movement 
caused by the left side growing quickest, will come in again, to 
be followed by the near side growing quickest. Thus by a 
regular succession of growth on all the sides, one after another, 
the swinging-round movement is produced, and by a continua- 
tion of this action, as I have explained, the twining movement 
is produced. 

I have spoken as if the question of how plants twine were a 
completely solved problem, and in a certain sense it is so. I 
think that the explanation which I have given will remain as 
the fundamental statement of the case. But there is still much 
to be made out. We do not in the least know why every 
single hop-plant in a field twines like a left-handed screw, 
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while evpry single plant in a row of beans twines Ihe other 
way ; nor why in some rare instances a species is divided, like 
the liunaan race, into right and left-handed individiials, some 
twining like a left- handed, others like a right-handed screw. 
Or, again, why some very few plants will twine half-way up 
a stick in one direction, and then rever.se the spiral and wind 
the other way. Nor thoug;h we know that in all these plants 
the twining ia caused by the change in the region of quickest 
gro'wth, have we any idea what causes this change of growth. 
There is still much to work at, and it is to he hoped that there 
are still plenty of workers to solve the problems. It is J 
by looking to exceptions that the key to a problem is often A 
found. It is the exceptions to general rules that often lead ua 
to imderstand the meaning and origin of the rules themselves ; 
and it is to such exceptions that any one who wants to work 
at climbing plants should turn. Now, it is a general rule that 
a climbing plant twines in the same way that it revolves. It 
seems an obvious thing that in the case of the rope model, if 
■we swing the rope round our head in the direction of the hands 
of a watch, it must twine round the stick against which it 
strikes in the same direction. But in plants it is not always 
so. In the large majority of cases it is so, for if this were 
not the ease, the illustration of the rope would not have been 
applicable ; hut it is not universally the rule. Every individual 
of the plant Ilibhertia always twines round its stick in the same 
direction, but when it is performing the swinging movement in 
search of a support, it is found that some plants travel round 
with the sun, others in the opposite direction. This fact forma 
an exception of a striking kind — and such exceptions are 
worthy of close study. 

There arc other facts of a different nature, which seem to 
show how difficidt the problem is, and how delicately balanced 
is that part of the organization of the plant which is con- 
nected with the power of climbing. For instance, if we cut a 
branch of most shrubs, and put it in water, it goes on growing, 
apparently as healthily as ever. Indeed the practice of making 
cuttings — where a cut-off branch or shoot developes roots and 
turns into a new plant — shows us that no serious injury is 
thiis caused. Diit the twining organization is sensitive to I 
such treatment. A cut branch of hop placed in water was oh- 1 
served to make its revolutions in about twenty hours, whereas j 
in its natural condition^ growing on the plant — it makes a 1 
complete turn in two or three hours. Again, if a plant growing j 
in a pot is moved from one green-house to another, the slight I 
shaking thus caused is sufficient to stop the revolving move- i 
inent for a time, — another proof of the delicacy of the internal .1 
machinery of the plant. 
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Some of tho problems, as, for instance, why twining plants 
cannot as a rule climb thick stems, may be looked at from the 
natural-history point of view. Most of our climbing plants 
die down in the winter, so that if they were able to climb round 
big tree trunks, they would waste all the precious summer 
weather in climbing a few feet, whereas the same amount 
of longitudinal growth devoted to twining up a thin stick would 
have raised them up to the light after which they are striving. 
And as a plant exercises no choice, but merely swings round 
till it hits against an object, up which it will then try to 
twine, it seems as if the inability to climb thick stems might 
be a p)sitive advantage to a plant, by forcing it to twine up 
such objects as would best repay the trouble. 

In the classification of climbing plants, proposed by my 
father in his book, he makes a subdivision of * hook-climbers.' 
These may be taken as the simplest representatives of that class 
of climbers which are not twining plants. The common bramble 
climbs or scrambles up through thick imderwood, being 
assisted by the re-curved spines which allow the rapidly- 
growing shoot to creep upwards as it lengthens, but prevent 
it from slipping backwards again; the common goose-grass, 
(Galium) also climbs in this wav, sticking like a burr to the 
side of a hedge-row up which it climbs. Most coimtry boys 
will remember having taken advantage of this burr-like 
quality of Galium in making sham birds' nests, the prickly 
stems adliering together in the desired form. Such plants as 
the bramble or Galimn exhibit none* of the swinging round 
movement which I have described in twiners : they simply grow 
straight on, trusting to their hooks to retain the position gained. 

In some species of Clematis we find a mechanism, which 
reminds one of a simple hook climber, but is in reality a much 
better arrangement. The young leaves projecting outwards 
and slightly backwards from the stem, may remind us of the 
hooked spines of a bramble, and like them easily catch on 
neighbouring objects, and support the trailing stem. Or the 
leaf of the species of Clematis given in Fig. 1, may serve as 
an example of a leaf acting like a hook. The main stalk of 
the leaf is seen to be bent angularly downwards at the points 
where each successive pair of leaflets is attached, and the leaflet 
at the end of the leaf is bent down at right angles, and thus 
forms a grappling apparatus. The Clematis does not, like the 
bramble, trust to mere growth, to thrust itself among tangled 
bushes, but possesses the same powers of revolving in search of 

• That is to say, the revolring movement is not sufficiently developed to 
be of practical importance. The same remark is applicable to the other 
cases in which I have spoken of the absence of revoivuig movement in the 
growing parts of plants. 
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a support which, siiDple or true twining plants poseesB. In- 
deed, many speoies of Clematis are actually twining plants, and I 
can wind spirally up a stick placed in their way. And the ' 
same revolving movement which enablea them thus to wind 
roirallv, also helps them to search for some holding place for 
Ineir hook- or grapple-like leaves, and in many species the ' 
search is carried on by the leaves swinging round, quite in- 
dependently of the revolving movement of the stera on which 
they are borne. 

If a leaf of a Clematis succeed by any means in hooking on 
to a neighbouring object, the special characteristic of leaf- 
climbing plants comes into play. The stalk of the leaf curls 
strongly over towards the object touching it, and clasps it 
firmly. It is obvious how great is the advantage thus gained 
over a mere book. A leaf such as that shown in Fig. 2 might 




Fin. 2. Clematis glandulota. 
With two jmung leaves clasping t^ 
twipa, with the claBping portiona 
tliicJiened. 

be made to catch on to a neighbouring twig by its bent stalk, 
in such a waj', that although it managed to stay where it was, it 
could bear none of the weight of the plant, and would be liable 
to be displaced by a strong wind or other disturbance. But 
when the stalk of the leaf had curled close round the twig, 
nothing could displace it, and it could take its share in the work 
of supporting the plant. 

The extreme sensitiveness of the leaf-stalk to slight and 
gentle touches, gives a curious idea of the alertness of the plant 
in its search for supporting ohjocts. A leaf may be excited to 
bend, by a loop of string weighing only rt grain. It is 
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interesting^ fact that, in such a hook-like leaf as that of Ckmatk 
titiceUa (Fig. 1), the hooked end of the leaf, which has the best 
chance of coming into contact with obstacles, is the most sensi- 
tive part. This has been made out by hanging small weights 
on different parts of the leaf, and it is fomid that the tenninal 
leaflet bends in a few hours after a loop of string weighing less 
than a grain is hung on it, and which produced no effect in 
twenty-four hours on the other petioles. One may see proof ■b-z. 
of the sensitiveness of the leaf-stalks of the wUd English 11. 
Clematis, which sometimes catches withered leaves or delicate 
stalks of the quaking grass. The same thing is shown by 
a leaf after having been touched with a little water-colour, 
the delicate crust of dry paint being mistaken for something 
touching the plant. In such cases, or when the leaf has been 
merely rubbed with a twig, which is taken away before the 
leaf seizes it, the plant discovers that it has been deceived, and 
after bending for a time, it imbends and becomes straight 
again. 

The bending, which enables a leaf to seize a twig, is no*^ 
the only change which the stimulus of a touch produces. Th^^ 
leaf- stalk swells and becomes thicker and more woody, and tum^^ 
into a strong, permanent support to the plant. The thickenin 
of the leaf-stalks is to be made out in Fig. 2, which repre 
sents a shoot of clematis, bearing two leaves, each of which 
seized a twig; in one of the leaf-stalks this thickening 
commenced, and is fairly evident. The thickened and woody 
leaf-stalks remain in winter after the leafy part has dropped off, 
and in this condition they are strikingly like real tendrils. 

The genus Tropaoolum, whose cultivated species are often 
called Nasturtiums, also consists of leaf-climbing plants^ which 
climb like Clematis by grasping neighbouring objects with 
their leaf-stalks. 

In some species of Tropaeolum we find climbing organs 
developed, which cannot logically be distinguished from 
tendrils ; they consist of little filaments, not green like a leaf, 
but coloured like the stem. Their tips are a little flattened and 
furrowed but never develope into leaves ; and these filaments are 
sensitive to a touch, and bend towards a touching object, which 
they clasp securely. Filaments of this kind are borne by the 
young plant, but it subsequently produces filaments with slightly 
enlarged ends, then with rudimentary or dwarfed leaves, and 
finally -with full-sized leaves ; when these are developed the 
clasp with their leaf-stalks, and then the first-formed filament 
wither and die off" ; thus the plant, which in its youth was 
tendril-climber, gradually developes into a true leaf-climbe 
During the transition, every gradation between a leaf and 
tendril may be seen on the same plant. 
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It IB not always the stalk of a leaf 
ffliich is developed into the clasping 
srgait ; the iiignonia leitf shown in 
Fig, 3 beara tendrils at its free ex- 
tremity. And in other plants tendi'ils 
are formed from flower-stalks, in whieh 
the flowers are not developed, or the 
whole stem of the plant or a single 
branch may turn into a tendi-il. lu 
one curious case of monstrosity, what 
should have been a prickle on a sort Yia 3 i\i,iimnia 
of cucumber, grew out into a long.AnnnnamedsiieciesfroaiEew. 
curled tendril. 

The family of the Bignonias is one of the most interesting 
of the class of tendrU-clirabers, on account of the variety of 
adaptation which is found among them. 

In the above-mentioned Fig. 3 is seen the tendril -hearing 
leaf of a species of Bignonia. The leaf bears a pair of leaflets, 
and ends in a tendril having three 'hrauuhes. The main tendril 
may be compared to a bird's leg with three toes, each bearing a 
small claw. And this comparison seems apt enough, for when 
Ihe tendril comes against ix Uvig, the three toes curl round it 
ike those of a perching bird. 

Besides the toes or tendrils, the leaf-stalk is sensitive, and 
.cts like that of a regular leaf-climber, wrapping itself round a 
leighbouring object. 

In some cases the young leaves have no tendrils at their 
^ps, but clasp with their stjilks, and this is a case exactly 
jh.e reverse of Tropasolum — a tendril-climber whose young 
eaves have no tendrils, instead of a leaf-climber whose young 
■limbing organs are not leaves. Thus the close relationship 
li;it exists between leaf and tendril- climbers is again iUus^ 
rated. 

This plant also combines the qualities of another class of 
climbers, namely twiners, for it can wind spirally round a 
support as well as a hop or any other true twiner. Another 
species, £. Tweedyana, also helps to support itself by putting 
put roots from its stems, which adhere to the stick up which 
^e plant is climbing. So that here are four different methods 
I dimbing, twining, leaf, tendril, and root climbing, which 
i usually characteristic of different classes of elimbiug plants, 
mbined in a single species. 

Among the Bignonias are foimd tendinis with various curiouB- 
kinds of sensitiveness. The tendrils of one species exhibit, in the 
nighest perfection, the power of growing away from light towards 
' irkness, just the opposite to the habit of most plants. A plant, 
rowing in a pot, was placed so that the light came in on one 
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Bide. One tendril was pointing away from the light to begin 
with, and this did not move ; bnt the opposite tendril, whicli 
was pointing towards the light, bent right over, and became 
parallel to the first tendril. The pot was then turned round, so 
that both pointed towards the light, and they both moved oyer 
to the other side, and pointed away from the light. In another 
case, in which a plant, with six tendrils, was placed in a box, 
open at one side, all six tendrils pointed like so many weather- 
cocks in the wind — all truly towards the darkest comer of the 
box. These tendrils also showed a curious power of choice. 
When it was found that they preferred darkness to light, it 
was tried whether they would seize a blackened glass-tube, 
or a blackened zinc plate. The tendrils curled round both 
these objects, but soon recoiled, and unwound with, what 
my father says, he can only describe as disgust. A post with 
very rugged Dark was then put near them ; twice they touched 
it for an hour or two, and twice they withdrew ; but at last one of 
the hooked tendrils caught hold of a little projecting point of 
bark ; and now it had f oimd what it wanted. The other branches 
of the tendril quickly followed it, spreading out, adapting 
themselves to all the inequalities of the surface, and creeping 
into all the little crevices and holes in the bark. Finally a 
remarkable change took place in the tendrils : the tips which 
had crept into the cracks, swelled up into little knobs, and 
ultimately secreted a sticky cement, by which they were firmly 
glued into their places. This plan of forming adhesive discs on 
its tendrils is one which we shall find used by the Virginian 
Creeper, as its only method of support, and it forms the fifth 
means of climbing to be met with among the Bignonias. 
We see now the meaning of the power possessed by the 
tendrils of moving towards the dark, for in this way they 
are enabled to find out and reach the trunks of trees to which 
they then become attached. It seems, moreover, that the 
tendrils are especially adapted to the moss or lichen-covered 
trees, for the tendrils are much excited by wool, flax, or moss, 
the fibres of which they can seize in little bundles. The 
swelling process is so delicate, that when two or three fine 
fibres rest on the end of a tendril, the swelling occurs in crests, 
thinner than a hair, which insert themselves between, and 
finally envelope the fibres. This goes on so that the ball at the 
end of a tendril may have as many as fifty or sixty fibres im- 
bedded in it, crossing each other in different directions. 

The tendrils of the Virginian Creeper may here be worth 
noticing. This plant can climb up a flat wall, and is not 
adapted to seize sticks or twigs ; its tendrils do occasionally curl 
round a stick, but they often let go again. They, like the 
Bignonia tendrils, are sensitive to the light, and grow away 
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rom it, and thus easily find out where the wall lies, up which 
iey have to climb. A tendril which haa como against the wall 
t often seen to rise and come down afresh, as if not satisfied 
■ith ita first position. In a few days after a tendril has 
>uclied a wall the tip swells up, becomes red, and forms one of 
ie little feet or sticky cushions by which the tendrils adhere, 
dd which are shown in Fig. 6. The adherence is caused hy a 
3Biiiou3 cement secreted by the cushions, and which forms a 
irong bond of union between the wall and the tendril. After 
ae tendril has become attached it becomes woody, and is in 
[lis state remarkably durable, and may remain firmly attached 
nd quite strong, for as many as fifteen years. 

Besides this sense of touch, by which a Bignonia tendril 
istinguishes between the objects which it touches, there are 
ther instances of much more perfect and incomprehensible 
ensibility. Thus some tendrils, which are so sensitive that 
hey curl up when a weight of -jjith or even -^th grain is 
daced on them, do not take the least notice of a shower of rain 
Fhose falling drops must cause a much greater shock to the 
endrils. 

Again, some tendrils seem to have the power of distinguish- 
ng between objects which they wish to seize, and their brother 
^ndrilfl which they do not wish to catch. A tendril may he 
Irawn repeatedly over another without causing the latter to 
lontraot. 

The tendrils of another excellent climber, Cobwa scandetis, 
MBsess some curious properties. The tendrils are much divided, 
ind end in delicate branchleta, as thin as bristles, and very 
lexible, each bearing a minute double hook at its tip. These 
ire formed of a hard, woody substance, and are as sharp as 
leedles ; a single tendril may hear between ninety and a 
lundred of these beautiful little grappHug-hooks. The flexi- 
aility of the tendrils is of service in allowing them to be blown 
about by a breath of wind, and they can thus be made to seize 
iold of objects which are out of reach of the ordinary revolv- 
ing movements. Many tendrils can only seize a stick by 
;urling round it, and this even in the most sensitive tendril 
nust take a minute or two ; hut with Cobaja, the sharp hooka 
Mtch hold of little irregularities on the bark the moment the 
iendril comes into conlact with it, and afterwards the tendril 
!an curl round and make the attachment permanent. The im- 
portance of this power of temporary attachment is shown by 
placing a glass rod near a CobEca plant. Under these conditions 
;he tendrils always fail to get hold of the glass, on which its 
»rapple-like hooks cannot stizc. 

The movement of the Utile hook-bearing branches is very 
remarkable in this Bpeciea, If a tendril catches an object witai 
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one or two hooks, it is not contented, but tries to attach the 
rest of them in the same way. Now many of the branches will 
chance be so placed that their hooks do not naturally catch, 
either be^^ause they come laterally, or with their blunt backs 
against the wood, but after a short time, by a process of twisting 
and adjusting, each little hook becomes turned, so that its sharp 
point can get a hold on the wood. 

The sharp hook on the tendrils of GobaDa is only a very 
perfect form of the bluntly curved tip which many tendrils 

Eossess, and which serves the same purpose of temporarily 
olding the object caught until the tendrH can curl over and 
make it secure. There is a curious proof of the usefulness 
of even this blunt hook in the fact that the tendril is only 
sensitive to a touch on the inside of the hook. The tendril, 
when it comes against a twig, always slips up it till the hook 
catches on it, so that it would be of no use to be sensitive on 
the convex side. Some tendrils, on the other hand, have no 




Fig. 4. 
A caught tendril of Bryonia dioica^ spirally contracted in reversed directions. 

hook at the end, and here the tendrils are sensitive to a touch 
on any side. These tendrils led my father at first into a curious 
mistake, which he mentions in his book. He pinched a tendril 
gently in his fingers, and finding that it did not move, con- 
cluded it was not sensitive. But the fact was that the tendril 
being touched on two sides at once, did not know which 
stimulus to obey, and therefore remained motionless. It was 
in reality extremely sensitive to a touch on any one of its sides. 
There is a remarkable movement which occurs in tendrils 
after they have caught an object, and which renders a tendril a 
better climbing organ than any sensitive leaf. This move- 
ment is called the * spiral contraction,' and is shown in Fig. 4, 
which represents the spirally contracted .tendril of the wild 
Bryony ; it may also be seen in Fig. 5, which represents the 
tendril of the Virginian Creeper. When a tendril first seizes 
an object it is quite straight, with the exception of the extreme 
tip, which is firmly curled To\m.d the object seized. But in a 
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day or two the tendril begins to contract, and ultimately 
iwsumes the cork-screw -like form represented in the figures. 
It is clear that in Bpirally contracting the t-endril hua hecorae 
tnnsiderably shorter; and since the end of the tendril is fixed 
to a branch, it is obvious that the atem of the bryony mizst be 
dragged nearer to the object which its tendril has caught. 




Fig. 5. AmpelopiU hedtraria. 

A. Tendril fully developed, with a joong leaf on the opposite eide of the stem. 

B, Older tendril, eereral veeks after its attEiciuaeot to a noil, with the 
trwchea thickened and spiral!; contracted, and with the extremities developed 
bto discs. The nnatladied btanthea of tliis lendiil have vothered and dropped 

oa. 

Thus, if & shoot of bryony seizes a support above it, the 
contraction of the tendril mil pull up the- shoot in the right 
direction. So that in this respect the power of spiral con- 
traction gives a ten tlri I- climber an advantage over leaf- climbers 
which have no contracting power, and therefore no means of 
liauling themselves up to supporting objects. 

But the spiral contraction of tendrils has another 

KBW 8BB1ES, " 
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and this is probably the most important one. This use depends 
on the fact that a contracted tendril acts like a spiral spring, 
and is thus converted into a yielding, instead of an unyield* 
ing, body. The spirally-wound tendnl yields like an elastic 
thread to a pull which would break the tendril in its original 
condition. The meaning of this arrangement is to enabk 
the plant to weather a gale which wouJd tear it from its 
support by snapping the tendrils, if they were not conyerted 
into spiral springs. 

My father describes how he went in a gale of wind to 
watch the bryony on an exposed hedge, and how, in spite of 
the violent wind which tossed the branches of the plant about, 
the bryony safely rode out the gale, 'like a ship with two 
anchors down, and with a long range of cable a-heaid, to serve 
as a spring as she sui^s to the storm.' It may also serve to 
divide the weight which has to be supported equally among a 
number of tendrils ; and this is the meaning of the spiral con- 
traction seen in the tendrils of the Virginia Creeper. 

It can be seen in Fig. 4 that all the coils of the spiral 
are not in the same direction. First, there are two in one 
direction, then six in the other, and then three again in the 
first direction, making six turns in one way and five in the 
other. And this is imiversally the case; the turns in one 
direction are always approximately equal in number to those in 
the opposite direction. It can be shown to be a mechanical 
necessity that a tendril which has its two ends fixed, and 
which tnen coils into a spiral, should behave in this way. 

A simple model made to show this mechanical necessity is 
described by Sachs in his Text Book. It is made by stretching 
a strip of indiarubber and cementing it to an unstretched 
strip. The strips being united in a state of longitudinal strain, 
form a spiral when released. If the model is held by one end 
only, the turns of the spiral are all in one direction. And 
this represents the behaviour of a tendril which has not 
managed to seize a support; for some unknown reason such 
t.endrils contract into spirals, and the turns of such spirals 
are all in one direction. But if the india-rubber is held at 
both ends, half the turns are in one direction, half in the 
other, just as with a tendril the same thing happens. 

Now let us consider the general relations that exist between 
twining plants, leaf -climbing plants, and tendril-climbing 
plants. To an evolutionist the question how these vtuious 
classes of climbing plants have been developed is perhaps of 
most interest. What is the relationship between them ? Have 
all classes been developed separately from ordinary non-climb- 
ing plants, or has one class been developed out of one of 
the others ; and if so, which is the oldest form of climbing 
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plant ? There can be little doubt on this latter point. I think 
we may certainly say that the earliest form which existed 
was a twining plant. We see that twining plants do not 
possess the essential feature of leaf or tendril- bearers, namely, 
the Bensitivenesa to a touch, which enables a leaf or tendril 
to grasp a stick. But, on the other hand, moat leaf and tendril 
climbers do possess the essential quality of a twiner — the 
power of revolving or swinging round, which exists in the 
shoots, leaves, or tendrils of so many of them. This power 
of revolving merely serves in some leaf and tendril climbers 
to carry on the search for supports ; but other leaf and tendril 
climbers, as we have seen, do actually wind spirally round a 
stick exactly like a true twiner. How twiners originally 
obtained their power of swinging round we need not now 
inquire ; it seems to bo merely an increase of a similar move- 
ment which ia found to occur in a meaningless manner in 
other plants. Thus several flower-stems have been observed 
bowing themselves over and swinging round in small circles, 
like climbing plants. Here the movement is merely an un- 
intelligible concomitant of growth, for, as we see, the move- 
ment is of no advantage to the flower-stem. But the existence 
of this movement is of great interest to us, for it shows how 
a twining plant might be developed by a similar movement 
being found to be advantageous, and being inereaaed by natural 
selection to the requisite extent. 

Another question which may occur to us is this : in what 
way is climbing by leaves or tendrils a more perfect method 
than twining? Why, when a plant had become a twining 
plant, did it not rest satisfied ? The fact that leaf and tendril- 
climbers have been developed out of twiners, and not vice rerxd, 
IB a proof that climbing by leaves or tendrils is a raore advan- 
tageous habit than twining ; but we do not see why itshould be 
so. If we inquire wby aiii/ plant has become a climber, we 
shall see the reason. Light is a necessity for all green plants ; 
and a plant which can climb is enabled to escape from the 
shadow of other plants with a far leas waste of material than a 
forest-tree, which only pushes its branches into the light by 
sheer growth. Thus tbo weak, straggling stem of a climbing 
plant gets all the advantages gained by the solid, column-Kke 
tree trunk. If we apply this test, — which is the most economical 
plan of climbing, twining or leaf- climbing, — we see at once 
that a plant which climbs by seizing wastes far less material 
than one which twines. Thus a kidney-bean which had cliiubod 
up a stick to a height of two feet, when unwound from its 
support was found to be three feet in length, whereas a pea 
which had climbed up two i'eot by its tendrils was hardly 
longer than the height reached. Thus the bean had wasted 
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considerably more material by its method of climbing by 
twining round a stick, instead of going straight up, supported 
by its tendrils, like the pea. There are several other ways, 
in which climbing by tendrils is a much better plan tliaiL 
twining. It is a safer method, as any one may oonymce him- 
self by comparing the securily of a tendril-b^urer in a hea^y 
wind, with the ease with whicn a twiner is partly blown from 
its support Again, by looking at those l^-dimbing pkatB 
which still possess in addition the power of twining, it will be 
seen how incomparably better they grasp a stick than does a 
simple twiner. And again, a twiner from being best fitted to 
climb bare stems often has to start in the shade, whereas a leaf 
or tendril climber can ramble for the whole extent of its 
growth up the sunny side of a bush. 

We can thus see plainly how it has been an advantage for 
twining plants to develope into leaf-climbers. We shall also 
find reasons why a leaf-climber should find it advantageous to 
become a tendril-climber. 

We have seen how tendrils form a more sensitive, efficient 
grasping organ, than simple leaves. Tendrils possess also the 
valuable power of shortening themselves by spirally contract- 
ing, and thus pulling up after them the stem on which they 
grow ; and afterwards serving as springs and breaking the force 
of the wind. We have had some cases where we see the close 
relationship between leaf and tendril-climbers, and where we 
can see intermediate stages in the process of transition from 
one method of climbing to the other. 

In certain kinds of Fumaria we can follow the whole pro- 
cess. Thus we have one kind, which is a pure leaf -climber, 
grasping by its leaf-stalks, which bear leaflets not at all re- 
duced in size. A second genus has the end leaflets very much 
smaller than the rest. A third kind has the leaflets reduced to 
microscopical dimensions ; and lastly, a fourth kind has true 
and perfect tendrils. If we could see the ancestors of this 
last kind we should undoubtedly have a series of forms con- 
necting it with an extinct leaf-climber, resembling the series 
which at present connects it with its contemporary leaf -climbing 
relatives. 

To repeat once more the steps which it is believed have 
occurred in the evolution of climbing plants. It is probable 
that plants have become twiners by exaggerating a swinging- 
round or revolving movement, which occurred in a rudimentary 
form, and in a useless condition, in some of their ancestors. 
This movement has been utilized for twining, the stimulus 
which has driven the process of change in this direction having 
been the necessity for light. 

The secoiul stage lias been the development of sensitive 
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leaves by a twining plant. No doubt at first no leaf-climber 
depended entirely on its leaves, it was merely a twiner which 
helped itself by its leaves. Gradually the leaves became more 
pei^ect, and then the plant could leave off the wasteful plan of 
growing spirally up a stick, and adopt the more economical and 
more effective one of pure leaf-climbing. 

Finally, from sensitive leaves were developed the marvellously 
perfect tendrils which can perceive yj^th of a grain, and can 
show distinct curvature within 25" after being touched, ten- 
drilsy with delicate sticky ends, or endowed with the power of 
moving towards the dark, or of creeping into little cracks, or 
with that mysterious sense of touch by which a tendril can 
distinguish a brother tendril from an ordinary twig, and can 
distinguish the weight of a drop of rain hanging to it from a bit 
of thread — in short, all the delicate contrivances which place 
tendril-bearers so eminently at the head of the climbing plants. 

There is only one more fact connected with the evolution 
of climbing plants which must be alluded to, namely, the 
curious way in which the representatives of the class are scat- 
tered throughout the vegetable kingdom. Lindley divided 
flowering plants into fifty-nine classes, called Alliances, and in 
no less than thirty-five of these climbing plants are found. This 
&ct shows two things : first, how strong has been the motive 
power — the search after light — which has driven so many dis- 
tinct kind of plants to become climbers. Secondly, that the 
power of revolving, which is the first step in the ladder of 
development of the power of climbing, is present in an un- 
developed state in almost every plant in the vegetable series. 
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ON THE INFLUENCE WHICH A MOLECULAR MOVE- 
MENT DUE TO ELECTRICITY MAY HAVE EX- 
ERTED IN CERTAIN GEOLOGICAL PHENOMENA, 
NAMELY, THE METAMORPHISM OF ROCKS 
AND THE FORMATION OF METALLIFEROUS 
DEPOSITS.* 

By MANUEL FERNANDEZ DE CASTRO. 



GEOLOGISTS of the present day admit three distinct 
theories concerning the formation of metalliferous 
deposits : 1. One theory for metalliferous deposits, such aa 
pockets, veins, stockwerks, and segregated lodes, the grouping 
or concentration of which is ascribed to molecular action, but 
without explaining the origin of the latter. 2. Another theory 
for true plutonic deposits, including also almost all lodes of 
contact and often showing molecular grouping. 3. A third 
theory for the true or concretionary lodes, the component parts 
of which are believed by some geologists to have been brought, 
dissolved by thermal waters, from the interior of the earth. Some 
geologists, however, consider these lodes due to segregation. 

The question arises : Is there no possibility of establishing 
a closer relation between these three classes of deposits ? 

Although many of the phenomena observed in mineral 
deposits could be more satisfactorily explained by the hyd^othe^ 
mal than by the plutonic theory, the former left many dif- 
ficulties. Amongst others, as pointed out by De la Beche, the 
difference noted in the composition or structure of the lodes 
according to the nature and character of the rock traversed; 
and further, the fact that we may find in the mass of the 
deposit, close to substances due to the agency of water, others 
which could be produced artificially only in the dry way, and 
at very high temperatures. The last-mentioned difficulty has 
been overcome to a certain extent by Senarmont, who succeeded 
in producing, by the agency of water, at a temperature varying 

* Extract from a pamphlet, Diseursos leidos ante la Real Academia de 
CienciaSf etc. en la recepcion publica del Exmo, 8r. Don Manuel Fernandez 
de Castro, Madrid, 1878. 
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from 130° to 200° C, the principal characteristic minerala of | 
lodes, such as quartz, spathic iron ore, heavy epar, and ruby 
silver." By far the greatest support, however, was given to the 
hydrothermal theory by the remarkable discovery, in the walls 
of a Roman aqueduct at the thermal springs of I'lomhiercB, 
of a Roman bronze key, covered with crystals of copper- glance, 
identical with those occurring in the mines of Cornwall. The 
waters of Plombieres have u temperature of 70° C, and contain 
small quantities of silicates and sulphates of potash and soda. 
Crystals of other minerals, such as hyalite, apophyllite, and ■ 
chabaeite, were discovered in cavities of the mortar, but are not 1 
found in the porphjTitic granite, from which these thermal 
waters flow. Dauhree carefully studied the occurrence of these 
minerals at Plombieres, and, by experimonls made in con- 
sequence, he proved that by means of water under a high pres- 
sure and at a temperature of 400" C, not only can quartz be 
obtained in crystals, as already shown by Senarraont, but also 
crystals of anhydrous silicates, such as felspai', diopside, and 
wollastonite. l3aubree considers tlie formation of the greater 
portion of the metalliferous lodes as a pflrticular case of meta- 
morphisrn, chiefly due to the concurrent action of heat, water, 1 
and pressure. These conclusions were put forth in an essay read, m 
before the Academy of Sciences of Paris in 1^59 ; but ten year* \ 
later the same scientiflc body awarded a prize to Delesae, who I 
had arrived at the conclusion, that the causes of general or I 
local metamorphisra are those met when penetrating into the 
interior of the globe, viz., heat, water, pressure, imd, ahove all, 
molecular action. 

The formation of the minerals found ot Plombieres haa 
taken place, however, without a pressure above that of the 
atmosphere, and without the direct action of the central heat of 
the globe, and is undoubtedly due to the slow but continuous 
action of a Tery small quantity of water of a temperature not 
above 70° C. The only manner in which the formation of these 
various minerals can be explained is hy molecular action, as first 1 
suggested by Elie de Beaumont. As regards the nature and ' 
origin of this so-called molecular action, no explanation is 
given by the various authors ; and De Castro finds this rather 
remarkable, considering that one author cites in his writings 
Becquerel, who as early as 1823 had demonstrated the influence 
of slow actions produced by electricity of a verv feeble tension 
in connection with the precipitation of insoluble combinations j 
similar to those found in nature. This manner of considering " 
electrical reactions between molecule and molecule, quite 
difEerent from that generally current, is worthy of attention, 
because it may be said that all the theoretical reasoning 
founded upon the known effects of electricity has been justified 
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by experience. These effects are as manifold as the causefl 
which produce electricity, or as the circumstances imder which 
it is set free and propagated. Considering the results obtained 
by means of electro-chemical action from the time that Nichol- 
son and Carlisle decomposed water, and Davy extracted potas- 
sium and sodium by means of the voltaic pile, up to the time 
when Despretz obtained real crystals of diamond with the 
Ruhmkorft' coil ; and considering further the numerous crys- 
tallized substances, identical with natural ones, artificially pro- 
duced by Becquerel and Crosse ; it would be unreasonable to 
reject the idea of establishing a theory of metamorphism based 
upon electrochemical and electrodynamical actions. All the 
effects due to metamorphism can also be produced by electro- 
telluric action. Thus Alcide d'Orbigny, when treating of fossili- 
zation in his well-known Cours Elhnentaire de Paliontologie, says 
that electrical actions and chemical affinities furnish excellent 
means for explaining substitution in fossils ; and he adds at the 
same time, that the action of these occult forces is more general 
than has hitherto been believed. Becquerel succeeded in re- 
producing }ffy electrochemical processes epigenies of petrefac- 
tions, which cannot be produced artificially in any other way; 
and when enumerating the causes to which metalliferous lodes 
are due, Fox and Foumet speak of electrochemical actions 
resulting from the contact of a nimiber of various rocks. 

The author's attention always has been drawn to certain 
geological phenomena which can be reproduced artificially in 
the laboratory of the chemist, but only by employing much 
more powerful means than nature apparently makes use of for 
the same purpose. Although we are able to perceive in both 
cases the effects, it is different as regards the modus operandi^ 
because our senses are only capable of distinguishing and appre- 
ciating phenomena within a limited scale ; and as soon as we 
have to consider something very great or very small, very quick 
or very slow, we require the use of instruments which increase 
the faculty of perception : but in the greater number of cases we 
can thus realize, by our imagination only, the nevertheless well- 
established facts. As already mentioned in the artificial pro- 
duction of the minerals found at Plombi^res, a much higher 
temperature and pressure had to be used than nature apparently 
employed in their formation. Thus, Wohler had to make use 
of a temperature of 180°-190° C, and of a pressure of from 
ten to twelve atmospheres to produce artificially those minerals 
which nature had formed in the Roman aqueducts of Plom- 
bieres at a temperature of 70° C, and under ordinary atmosphe- 
rical pressure. Is it possible that nature, operating by infinites- 
imally small actions, but during an unlimited time, can achieve 
results astonishing by their magnitude, just as in the higher 
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matHematica, by the integration of the infinitesimally small, real 
and absolute quantities are obtained ? Tyndall, in his examina- 
tion of the origin and probable destiny of the Niagara falls, 
when speaking of the wear and tear due to running waf«r, states 
that time and intensity are the principal factors of geological 
change, and, to a certain extent, convertible into each otlier. A 
^eak force acting during a long period, and a more intense one 
acting during a shorter period, may approximately produce the 
same effect. The sand-blast, invented by QuiQcey, is an example 
of the concentration of force in space ; and tho reciprocal action 
of steel and flint, an illustration of the same principle. Although 
the total amount of heat produced by striking softer substances 
with each other, such as calc-spar and lead, may be even greater, 
the generation of a spark requires a local concentration of heat. 
This local concentration of heat is also obtained in electro-calo- 
rific actions. By the use of a Voltaic pile of 2000 pairs. Sir H. 
Davy succeeded in melting platinum ; and though tt can be 
demonstrated that, in a given time, the chemical action taking 
place in this pile ia far from being equivalent to the fuel con- 
sumed in the same time in a blast-furnace, the heat generated 
in the latter is insufficient to melt the platinum- wire, which 
melts after being exposed for some seconds between the elec- 
trodes of the Voltaic pile. The Voltaic arc acta similarly to a 
powerful blowpipe, which heats and melts in rapid succession, 
the particles of platinum ; whereas, in a blast-furnace, the heat 
generated cannot accumijate in a given point, and therefore ia 
incapable of melting the platinum, i.p., of producing, in each of 
ita molecules, the number of vibrations which are necessary for 
its melting. 

If the possibility of calorific cfEects of the electric currents 
is admitted in the same manner as the electrochemical effects 
are already universally accepted for the purpose of explaining I 
the slow reactions which operate in the earth's interior, all the I 
principal difficulties presented by local and contact metamor- i 
phism disappear, and it then becomea possible to explain, with- I 
out having need of any violent theory, such notable cases as, | 
for Gxaraple, that of the Blaue Kuppe, near Eechwege, to which, 
Delesae repeatedly draws attention in his Etudes stir la M^ta- 
iimrpkmne. In that locality, well known to geologists, is found 
a basaltic conglomerate which encloses a great number of small 
fragments of a variegated sandstone, which are all vitrified on 
their outside. This effect cannot be attributed to the basalt, 
because the heat retained by such a comparatively small mass 
would not have been sufficient to melt the exterior of the 
sandstone fragments. Delesse, therefore, arrives at the conclu- 
sion that an agent more subtle than the basalt has penetrated | 
the sandstone, and produced the same liquidity by fusion. 
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According to his idea, this agent was water; but De 
Castro considers it not more venturous to attribute the pheno- 
mena of the Blaue Euppe to the calorific action of the electro- 
chemical and electrodynamical currents, produced by that same 
water infiltrating into the sandstone, or by the different tempe- 
rature of the contact rocks, or by any other of the many causes 
which incessantly originate analogous currents. For the expla- 
nation of local metamorphism, extending over large districts 
situated at a great distance from the fluid interior of the earth 
or the eruptive rocks, and sometimes containing interstratified, 
not altered rocks, the hydrothermal theory cannot be admitted 
without exaggerating the physical properties of the substances, 
and attributing to them properties which we are not aware of. 
But in the case of local metamorphism, all effects due to mole- 
cular action are observed — effects, which are all capable of pro- 
ducing electro-telluric currents. An electrical current, by 
whatever cause produced, be it by the contact of two rocks of a 
different temperature, or the slow circulation of water more or 
less charged with other substances, or the very act itself of 
rending or fissuring the earth's crust by the contraction or 
sliding of the rocks, or the presence of some organic substance 
in the layers of the formation, or many other causes, can circu- 
late with more or less resistance through the whole of the ter- 
restrial mass and will only cease when, according to the law of 
the indestructibility of forces, it is changed into another force 
which manifests itself by thermal, chemical, or mechanical 
effects. Becquerel explains by electricity many phenomena of 
cementation which are observed in nature ; and if one compares 
his simple and reasonable theory with that proposed by Plattner 
as an explanation of the formation of * kernels,' when calcining 
certain cupriferous minerals, it is not possible to doubt about 
the real cause which produces * kernels' containing 40 per cent 
of copper in the calcination of the Rio Tinto ore, of which 
even the richest portion seldom reaches 8 per cent. The electro- 
telluric actions may have played an important part in a num- 
ber of geological phenomena, in the formation of the nodules 
and bands of flint in the Chalk, differently explained by Gaudry, 
Hebert, and d'Orbigny ; the grains of oxide of iron in the Ter- 
tiary ; the oolitic iron-ore in the Jurassic deposits ; the sphero- 
siderite of the Carboniferous formation and the geodic iron ore of 
the modem formation ; the kidneys of phosphorite, which ap- 
pear in distinct geological epochs ; further, in the concentrical 
structure of certain limestone rocks and calcareous minerals ; 
the tendency of rocks to assume a spherical form ; the curious 
formation of embossed pebbles ; the eaglestones, septaria, and 
other phenomena, during a considerable time considered merely 
as hmi8 natures; the formation of agates, the delicate layers 
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of which have a regularity and symmel ry in their grouping which 
it IB impossible to attribute to successive infiltrations throug^h 
an orifice, merely imaginary in most cases. Electro -telluric 
actions play a considerable part in the formation of the con- 
cretionary lodes, which, according to De la Beche, can only 
be considered contemporaneoua with the rocks in which they 
occur. The same remark applies, also, to the segregated lodes 
which Wcissembach and English geologists explain aa a group- 
ing of the parlicular minerals disseminated in the containing 
rocks. Admitting that the metals and other substances which 
fill the rents and fissures in the earth's crust, and also the waters 
which have carried them, do not exclusively originate from the 
interior of the earth, but from the whole of the surrounding 
mass, from the surface to the lowest part of the rent or fis- 
sure ; and further, that by the slow and successive entrance of 
these substances as well as by the circulation of the waters, and 
other previously mentioned causes, eloctrot-elluric currents have 
been produced, all the phenomena of metamorphisni, as regards 
Ihe lodes, can be explained, and thus the greatest difficulties 
which this arduous problem presents can be made to disappear. 
The comparative greater richness of lodes running across the 
stratification than of those parallel to it, and also the well-known 
fact of an increased richness at the crossing of two lodes, can be 
explained by a relative greater display of electrotelluric action. 
The reason why all the phenomena are attributed to the 
electrical force, which until now have been explained by mo- 
lecular action, electrical repulsion, chemical affinity, and other 
causes, is the author's belief in the unity of the various natural 
forces. If physicistfl of great distinction have now arrived at 
the conclusion to attribute the Kght and heat emanating from 
the sun to continuous electrical discharges in his photosphere, 
as well as in his interior mass, one can well ascribe to electricity 
the actions which take place in the metamorphism of rocks, 
instead of considering it only, according to some geologists, as 
a secondary force, because heat, pressure, and other modes of 
force, produce electricity. Electricity, by itself, can not only 
originate these, but also other manifestations of molecular mo- 
tion. In the saipe manner as the immense number of genera- 
tions of infusorial animals have succeeded in building up monu- 
ment« in rock, in comparison with which the grandest human 
constructions are mere playthings, the almost impercep- 
tible electrical currents which exist in the earth's shell are 
able, by their number and continuity, to produce changes 
which neither man is able to bring forth, even when aided by 
(he most powerful resources of science, nor nature herself could 
exceed, should she prefer to give ua proofs of her power by 
changing the face of the earth by means of terrible oataclysmB. 



35 ^H 

ch ^M 



236 



SUNSPOTS AND BRITISH WEATHER. 



By W. L. DALLAS, of thb Meteorological Office. 



^l^IIE forecasts which appear in our daily papers refer. only to 
-I. a space of about twelve hours after their time of issue, and 
if they give us a correct idea, which as a rule they do, of the 
weather of the approaching day, they do all that was ever 
claimed for them, and their object is attained. Whatever may be 
the value of such information (and during harvesting operations 
it must be enormous), no one would probably deny that it is of 
much more importance to be able to give warning of a dry or 
wet season, than merely of a dry or wet day. When the sea- 
sons have their normal amounts of rain, cloud, and sunshine, 
the present system of forecasts may be all that is required, but 
when we are passing through such a spring and summer as was 
experienced last year, it is felt that something more is wanted, 
and the necessity of seasonal forecasts is fully recognized. The 
middle six months of 1879 were certainly unexampled for many 
years past for coldness and continuance of rain, yet we had 
no previous warning that such would be the case, and practical 
meteorologists were quite unable to say whether the showery, 
unsettled weather, when it had once set in, would last for only 
one month, or for two, or till the end of the year. In conse- 
quence, the capital of our agricultural community was as 
thoroughly lost as though it had been thrown into the sea 
Himdreds of thousands of pounds that might have been profit- 
ably employed in some other way, or at least Inight have been 
laid by for a more favourable season, were expended in 
labour that was to prove quite abortive, and in seed that was 
destined to be washed away. It is now quite evident that while 
telegraphic reports of the actual state of atmospheric pressure, 
the winds, &c., may and do enable us to form a very correct 
estimate of the probable weather for several hours in advance, 
their indications are imsafe guides for any longer period, so 
that it becomes clear, that in order to succeed in forecasts 
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f «r, say, three or six. montliB in advance, meteorologists must 
Succeed in proving a connexion between our weather and some 
^atra-terrestrial or other phenomenon which, being regular and 
Jwriodic in its variations, would give uh the necessary warning 
of approaching climatic change. 

The apparent success attending the work of the Sunspot 
"theorists, induced me to take a ' Sunspot period,' and by care- 
iully working through it, having regard to the meteorological 
elements of rainfall, temperature, and weather, to find out 
■whether some parallelism might not be discovered between the 
3mmber of Sunspots and the weather experienced Everyone is 
aware that nearly every important climatic alteration is due, 
directly or indirectly, to eosmical changes ; and the first efforts 
of the advocates of the Spot theory having apparently been 
crowned with success, droughts, floods, and more recently com- 
mercial crises, have been ascribed to the presence or absence of 
spots on the surface of the Sun. 

It is now matter of everyday knowledge, from the inveatiga- 
tioDB of Wolf, Balfour Stewart, and Lockyer, that the number 
of spots which appear on the surface of the Sun has a regular 
period of increment and decrement, and that these changes 
proceed during a cycle of about H'l years. For long these 
spots were believed to be cooled solid bodies, or even clouds 
sailing about on the surface of the Sun, but it is now supposed 
that they are vortices in the surrounding atmosphere, caused by 
the descent of upper and cold currents into the interior of the 
Sun. Their numbers consequently indicate increased activity in 
the Sun's atmosphere, and hence, probably in solar radiation ; and 
as all changes in our atmosphere depend on the intensity of solar 
radiation, the importance of their indications cannot be too highly 
estimated. It happens, unfortunately, that considerable divergen- 
ces of opinion exist among the authorities who have investi- 
gated this matter. Some, among whom are Messrs. Baxendell 
and Blanford, maintain that solar radiation is much more 
intense in years of Sunspot maximum than in those of minimum, 
believing, in fact, that the spots themselves are indications of 
the intensity of solar radiation ; while other writers, I'elying on 
the observations of I)r. Eoppen, believe that while the electrical 
phenomena of our atmosphere are in some manner intensified 
according to the abundance of Sunspota, periods of high air 
temperature correspond rather with years of minimum than of 
maximum spots. A decision on this important point would assist 
considerably in all discussions as to the effect of these eosmical 
changes on the meteorology of the Earth ; but until the establish- 
ment of observatories, in such almost cloudless districts as some 
[lartsof Africa, Arabia, or India, so that actinom.etrical observa- 
tions can be continued for long periods under almost unvarying 
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conditions, it is difficult to believe that the subject can be satifl- 
fuctorily settled. This uncertainty, however, does not mudi 
affect the present paper, the object of which is, not to find out 
either the origin or formation of the spots, but to ascertain 
whether the presence of greater or less numbers of spots on the 
surface of the Sun affects our atmosphere in such a mann^ as 
to cause a more or less marked periodicity in our climatic 
changes. 

In Ceylon, the variation of the rainfall, and consequently of 
the cereals, in direct ratio with the spots, has become a matt^ of 
popular observation; but so far as we know, this is the only part 
of the Earth's surface in which the variation is so noticeable. 
Lying as Ceylon does, almost under the equator, it is of course 
there that we should expect to find any changes occasioned 
by alterations in the amoimt of solar radiation exceedingly 
strongly marked, and that this is the case is a great argu- 
ment in favour of the upholders of the Sunspot theory. In Mr. 
Blanford's Vade Mecum, where rainfall and Sunspots are investi- 
gated with a minuteness commensurate with the importance of 
the subject to the Indian community, the rainfall of a long series 
of years is given for six important Indian stations. This series 
is subdivided into eleven-year periods, and the average rain&ll 
of each of the homonymous years being taken, the difference of 
each average year is shown as a percentage of the local mean 
of each station, and in a second table as a percentage of the 
mean rainfall of all the six stations. The latter table, more 
particularly when the amounts have been smoothed down by a 
process which will be explained fully later, shows a very dis- 
tinct variation in the amount of rain, a decided excess in years 
of Sunspot maximum, and a decided deficit in those of Sunspot 
minimimi. The following figures, copied from the Vade Mecum, 
show the rainfall for Madras, and it is impossible to deny that 
there is very strong evidence of a connexion between the two 
phenomena of precipitation of rain and of the presence or 
absence of spots on the surface of the Sun : — 

Year. Inch. 

1860, &c +8-5 per cent. 

1861 „ + 6-2 „ 

1862 „ + 9-2 „ 

186a „ + 6-8 „ 

1864 „ - 71 „ 

I860 „ " 13-2 „ 

1866 „ - 12-7 „ 

1.-07 „ - 140 „ 

1863 „ - 60 „ 



186J) „ +60 

1870, &c + 11-7 






{ 
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The group of years under 1866 being that of avorage Sun- 
spot minimum, and that under 1870 being that of Sunspot 
maximum, the above figures show a very distinct variation in 
accordance with the relative nmnber of Sunspota, a difference of 
25 per cent existing between the rainfall of the series of years of 
maximum spots, and that of the series of minimum spots. While, 
however, quoting this table, which apparently shows incon- 
testable evidence of a parallelism between rainfall and Sunspots, 
it must be borne in mind that the returns are for one station 
only, and for a station which, just as in the case of Ceylon, 
must, from its geographical position, be peculiarly susceptible 
of any changes in the direct action of the Sun. In other places, 
even in India, no such marked cyclical variation is shown ; and 
it is remarkable that one of the most severe famines which baa 
been experienced iu Northern India, occurred in 1837-8, and 
wa§ directly attributable to scarcity of rain, during two years 
whicli were those of maximum Sunspots. 

With such incongruities in India, what was to be hoped for 
in the British Isles ? Any cyclical variation, as well as our 
fimaller atmospheric changes, all depend for their motive force 
on solar radiation. The force of the wind and its direction, the 
rain and the fine weather, all depend directly or indirectly on 
the amount of heat we receive from the Sun ; and when this is 
i^membered, it will be understood how variations, which may 
pven be strongly marked under the equator, are hardly notice- 
"We in the north-west of Europe. In dealing with different 
Kones of the Earth's surface, however, it must be borne in mind 
that the very same causes which may occasion certain changes 
in the tropical regions may exert an influence in a directly 
"PiMsite direction in the temperate zones, so that to look for an 
exact parallelism between the secular changes in the tropics 
and those in other parts of the Earth's surface, is to disregard 
"entirely the enormous physical differences which exist between 
those respective regions, and in fact ignore the heat of the Sun, 
^e prime mover of all the variations in our atmosphere. 
1 urning back to the Madras register, it is remarkable that the 
.Vear of miuimiuu rainlull is not the same as that of minimum 
'^i'n8pot8,but occurs one year later. If then, at Madras, it is found 
'hat the cycle of rainfall is one year later than that of Sunspots, 
^^. iu the temperate zone, might be prepared for a much 
Si'eater discrepancy ; the experience of the tropics might 
^'^eji te reversed in England, and yet the theory of the 
'"Ivocates of the Sunspot school remain practically unshaken. 
'-"Ct it be supposed that the heat radiated from the Sun is much 
<'S3 in years of Sunspot maxima than in those of Sunspot 
"minima, it is then fair to assume that the general wind over th©i 
**^*i"face of the Earth would be less strong, so tbat in consequence 
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a large amount of precipitation would occur in the tropics, 
the enormous amount of water which is daily evaporated tnere 
not beinff carried quickly away to other regions. Such a 
hypothesis would satisfactorily explain an excess of rain in the 
tropics, and a deficit in the temperate zone in the same year, a 
condition of affairs, which, without some such explanation, would 
be fatal to the Sunspot theory. From the works of some of the i 
most eminent of tne Sunspot theorists, however, it appeared i 
that any such argument was quite unnecessary, the ramfall of / 
different stations, collected from independent sources, displaying j 
an apparently exact agreement with the number of spots. 
Taking Edinburgh, we find that the figures quoted by Mr. 
Meldrum show a remarkable parallelism between the number of 
spots and the amount of rain. The period under discussion 
extends from 1824 to 1867, and each year's rain&ll has been 
classified according to its position in the series as a year of 
maximum, minimum, or intermediate Sunspots, so that the 
variation from the mean rainfall of all the years of maximum 
Sunspots is shown by the figures in the fifth year of the series, 
and the variation of all the years of Sunspot miTiiTna. by the |^ 
figures in the first or last lines : — 

Rainfall. Sunspots. 

Variation from the Mean. Taziation from the Mean. 

Inches. 

- 2-8 - 87-2 

- 1-8 - 22-8 

+ 07 +4-4 

+ 2-4 + 33-0 

+ a-3 + 43-8 

+ 2-8 + 32-9 

+ 0-6 + 14-3 

- 0-4 - 2-9 

- 10 - 16-6 

-2-5 . . . . . - 24-7 

- 1-7 - 240 

From this table it was hoped that the general rainfall of the 
British Isles might be found to vary regidarly according to the 
increment and decrement of the Sunspots ; but it is never safe 
to take the rainfall of any one station, and conclude that it pro- 
perly represents a large district, and gives the normal rainfall 
for that part of the Earth's surface. It happens, however, that 
the Meteorological Office has lately issued a small pamphlet, in 
the form of a supplement to the Weekly Weather Report, in 
which are given the best available averages for fourteen years of 
temperature and rainfall, not for particular stations, but for the 
difEerent meteorological districts into which the British Islands 
have been divided. By accepting these tables, we, in a great 
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sure, do away with local peculiarities, and have a fair idea 
ented of the general rainfall and temperature over the 
fdom. The eleveu-year cycle, whicli we find embraced by 
fourteen years quoted in the pamphlet, runs from 1867 to 
7, and the foUowiug is the relative number of Sunspota ac- 
Ung to WolfE in this period : — 






1870 
1871 
1872 

1873 
1874 
1876 
1876 
1877 



8'8 per cent. 



. 1138 

. l»-7 
. 67-7 
. 43-1 



7-0 



It will be noticed that the relative number of Sunspota i-iaea 
n a very small number in 1867 to a very considerable one in 
0, and then decreases again to about the original figure by 
7. The increase ia, however, much more rapid than the 
reaae, and it has been proved by Mr. Moldrum that the 
eh of maximum number of Simspots occurs on the average 
ut four years after the epoch of minimum, and the epoch of 
limum about seven years after the epoch of maximum num- 
, So that though the cyele is one of eleven years, yet that 
iod is not divided into two equal parts, during one of which 
egular annual increment occurs, and during the other an 
ally regular decrement ; but into a period of four years of 
rement and seven of decrement. In the cycle tmder dia- 
sion, the epocha of maximum and mimmuni number of Sun- 
ts are fortunately more strongly marked than they have been 
iny time during the past fifty years, so that ii the actual 
ober of Sunspota have any decided effect on our weather, the 
dta should be more strongly accentuated diiring these years 
n at any other time. The following figures show the mean 
ifall of the British Isles, divided into eastern and western 
isions, and for the Islands aa a whole : — 

British lalBB 
Enet. Weat. gene rail; . 

i 1866 , 34'8 . 46-9 . 40'a 



1870 
1871 
1872 
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British iBkfl 




East 


West. 


generally. 


1873 


29-6 


89-3 


34-0 


1874 


29-6 


41-4 


34-9 


1875 


32-9 


42-3 


37-2 


1876 


84-6 


441 


38-9 


1877 


37-2 


62-7 


44*2 


1878 


29-9 


391 


341 



It will be noticed that the years 1866 and 1878 are quoted 
in the above list, as, by taking these two years, we are enabled. 
to make use of a smoothing process, by means of whicli the 
rainfall is welded, as it were, into one continuous band, ln- 
drawing the curve a, in fig. 1, the following plan has been 
adopted : Let a, J, c, &c. equal the first, second, third, &c. 

annual amoimts, then ^-i_-±f gjyeg the amount of rainfall 

which is taken to represent the rainfall of the first year of the 
curve, and so on throughout the whole series. In the second 
curve {h) the actual amount for each of the years is given under 
its respective date, and no attempt at smoothing down is made, 
but it will be noticed that the two curves show a very close 
resemblance to one another, the difference being only in 
degree : — 



lir 

50 



r<« to 

SO O 

CO ao 



>o r^ »^ ►«, 






2? — SS"**^!?-. 



40 



50 




Fig. 1. Curves showing the Annnal BainfaJl in the years 1867-1877 inclusive. 



From these curves it will be seen that so far from the year 
of maximum rainfall being that of maximum Sunspots, the re- 
verse is the case, the year 1870, which has an exceptionally 
large relative number of Sunspots, showing the smallest amount 
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rainfall. This might be explained by the hypothesis, pro- 
sed above, but supposing such to be the case, then the years 
•67 and 1877 should be years of considerable rainfall. This, 
)wever, is far from being the case, the years at the extremity 

our cycle showing only a very slight excess over the mean 
infall for the period. The year 1872, however, which is only 
^0 years after the year of maximum Sunspots, and should, ac- 
)rding to the above reasoning, show a pronounced deficit, has 
le heaviest fall of any year duriug the whole period, the total 
nount of raiofall exceeding by nineteen inches that which was 
)llected in 1870. It will also be noticed that both 1867 and 
377 are years of Sunspot minima. If then we take 1869 and 
379, and discuss their rainfall, we are taking two years which 
'6 distinctly comparable, their positions in the eleven-year cycle 
3ing exactly the same. It will, however, be found that fifty per 
Jnt more raiu fell in the six months April to September, 1879, 
lan fell in the same six months of the year 1869, so that a 
ix)pliecy, based on the rainfall of 1889, could have given us no 
aming of the amount of raiu with which we were to be visited 

1879. The following table gives (1) the actual amounts of 
iinfaU measured within the British Isles during the eleven 
Jars under discussion ; (2) the amounts smoothed down by the 
K)ve-mentioned process ; (3) the difference of each year shown 

a percentage of the mean rainfall ; and (4) the relative 
unber (also smoothed down) of Sunspots for each year: — 



1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1876 
1876 
1877 



In. 
86-0 
38-3 
37-0 
300 
341 
49-2 
340 
34-9 
37-2 
38-9 
44-2 



In. 

3^7 

37-4 

36-6 

32-8 

36-9 

41-2 

380 

36-3 

37-1 

39-8 

40-4 



Per-centages. 



+ 



+ 
+ 



+ 
4 



0-3 
0'6 
6-3 

12-8 
1-9 

16-4 
1-1 
6-2 
1-3 
6-8 
7-4 



Sunspots. 
8-8 

36-8 

78-6 
131-8 
113-8 

99-7 

67-7 

431 

18-9 

11-3 
70 



Leaving rainfall and turning to temperature, the same pro- 
JS has been adopted with the mean temperatures of the eleven 
ars as that adopted with amounts of rainfall, but the mean 
ttperature shows a course as irregular as that of rainfall, nor 

the two together show any peculiarities in common (see 

:.2). 
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Fia. 2. Carres Bhowing Animal temperatona in the jeua 1B67-18T7 iiU!liWT& 
Ab in fig. 1, the darkei line is the ■moothed curre. 

Whatever may "be the result of the actinometrical obHeira- 
tions which, it is to be hoped, may one day he made in one of 
the almost cloudless districte of the world, it certainly appears 
that there is no concord whatever between the relative 
number of Sunapots and the heat radiated on the British 
Isles. The hottest year of the whole series was 1868, ite m 
central months being quite exceptionally warm, but if we 
attempt to connect that fact in any way with Sunspots, we find 
that it was the first year after a year of minimum Sunspote; 
but on passing on eleven years, and taking the first year follow- 
ing the next Sunapot minimum, we find that it was in no way 
remarkable for excessive heat. Following on to the next year, 
that is to say, the second after the year of Sunspot minimum, 
we find 1869 with a temperature very near the mean ; but on 
again passing on eleven years, we come to 1879, which ws 
considerably the coldest year that has been experienced for a 
very long time. 

Taking up the question of the heat of the summer montha 
of the different years, we are unable to derive any great com- 
fort or hope from an examination of their mean temperatures. 
It would have been fair to expect that in a curve of the mean 
summer temperatures, some sort of evidence of the existence oE 
a cycle might be traced, even though in a curve of the tempera- 
tures of the whole year its existence might be hidden by the 
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^8 taken in tlie winter. This, however, is not apparently 
le, the difEerences which do occur seemingly following no 
The summer temperature of 1867 was decidedly low ; but 

1868 was decidedly high ; from 1868 until 1873 the 
rs, with slight oscillations, became colder and colder; 
1873 to 1876 they became slightly warmer again ; but, 
376 a fall set in, and the summer of 1877 was the coldest 
ire experienced for many years past. 
3 winter means display equally inexplicable irregulari- 
rhe years 1868, 1869, 1872, 1874, and 1877, enjoying 
r less mild winters, and the years 1867, 1870, 1873, and 
experiencing, more or less, severe weather. In the years 
nd 1877, which are both years of Sunspot minimum, it 

noticed great difEerences exist in the winters ; that of 
8 the coldest of the whole period, whilst that of 1877 is 

the warmer ones. The following curves (fig. 3) give the 

mean temperatures of the simuners and winters of this 

The first curve with the scale on the left gives the 

, and the second curve with the scale on the right the 

r means. 

conclusion, it has been attempted to connect the electrical 
aena of our atmosphere with solar physics ; but with the 
nf ortunate result. The average number o£ days on which 
rstorms occurred during each summer of the period was 
ine ; and the following table shows, for each year, the 
ire from that mean 



In 1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1876 
1876 
1877 



- 5 days. 
+ 4 

- 6 

- 16 
+ 12 
+ 20 

- 6 




6 
6 
3 



ff 
}} 
ff 
ff 
ff 
ff 
ff 

ff 



)&e figures, like the former, give no evidence of any vari- 
ither with or against the nimiber of Sunspots. Both 
id 1877, the years of Sunspot minimum, show a slight 
in the number of days with thimder ; but on the other 
.870, which is the year of maximum Sunspots, shows a 
aore considerable falling ofE, while 1871 and 1872 have 
large excess. 

;h the whole mass of evidence before us then, it becomes 
imperative to confess that, as practical guides in fore- 
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casting weather, Sunspots must, remain of very secondary im- 
portance. It must be remembered, that science, like politics, 
has a practical and a purely theoretical side ; and that while 
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Fig. 3. Curves showing Sninmer and Winter temperatures in the years 

1867-1877 mclusive. 

evidence of the correctness of a theory, even if it be of the very 
slightest character, is a reward amply sufficient to the theoreti- 
cal student, proof that the theory is of practical importaace is 
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required to arouse tlie entliusiasm of another class of workers. 
From a practical point of view, Sunspots seem to be a failure. 
It is undeniable, from tbe evidence of the Edinburgh Return 
quoted above, that taken through a long series of years, the rain- 
fall apparently increases and decreases with the number of spots 
on the surface of the Sun ; but in the cycle of eleven years we 
have had under discussion, the variation in the number of spots 
was very exceptionally marked, and during the period excep- 
tionally hot and exceptionally wet years occurred, yet in neither 
case was there any apparent connection between these abnormal 
conditions and the state of solar physics. It follows, then, that 
if it is necessary to have averages extending over half a century 
in order to be able to show even a slight variation of the rain- 
fall with the number of Sunspots, and if, even then, it is pos- 
sible to have an exceedingly dry year at the epoch of maximum 
Sunspots, it is evident that to undertake, at any particular time, 
important operations dependent on the weather for their success, 
on account of the indications of the solar cycle, would be run- 
ning the risk of almost certain disappointment. Whether fur- 
ther investigations of astronomers wiU disclose other cycles than 
that of eleven years, it is impossible to say, but any cosmical 
or other changes which may assist meteorologists in their 
hitherto vain attempts to forecast approaching seasons will be 
welcomed with enthusiasm, and will be sure of an attentive and 
favourable investigation. That the approach of such wet sea- 
sons, as it was our fate to pass through last year, will one day 
be foretold in ample time to take every necessary precaution, I 
feel sure ; but that this timely warning will not be given by 
considerations of the year's position in an eleven-year cycle 
of solar spots^ I am reluctantly compelled to believe. 
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AN annoTincement was made some time ago that the Institution 
of Mechanical Engineers had resolved to devote a sum of 
money to experimental research on mechanical questions. The 
first- truits of this resolution have since appeared in the shape of 
a First Report on each of the three subjects selected by the 
Council for examination, viz., the hardening, tempering, and 
annealing of steel ; the best form of riveted joints ; and friction 
between solid bodies at high velocities. 

It will be seen that tibese subjects are all of great impor- 
tance, and that two at least — ^the first and the last — ^possess a 
scientific as well as a practical interest. The reports upon them 
do not describe any new experiments actually undertaken by the 
Institution. They are preliminary and historical; giving a 
digest of the theories that have been broached, and the experi- 
ments that have been made, by former labourers in each subject, 
and going on to point out wherein these are imperfect, and 
what remains to be done in order to achieve in each case the 
final solution of the problem. This historical element is itself 
of much interest, as showing the mode in which such questions 
have been attacked, both from the theoretical and the practical 
side ; and we regret that our limits do not allow us to reproduce 
the reports in extenso. We must, however, content ourselves at 
present with a short r^sum^ of the first subject on the list, viz., 
the hardening, tempering, and annealing of steel ; pointing out 
first its essential features, and then noticing the light which is 
thrown upon it by the report in question. 

The facts relating to this subject are extremely well 
known, and are continually acted upon ; their importance is 
almost unique. Probably there is hardly a known process, 
scientific, surgical, mechanical, or industrial, which does not 
at some stage depend for its success on the use of properly 
tempered steel tools. It seems strange, therefore, that the 
theory of the subject should be in a state of the utmost un- 
certainty and confusioii •, Mid that even the direct experiments 
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ade to elucidate it should have been very few. We believe 

B are right in saying that for some years the subject had the 
int attention of two such minds aa those of Faraday and James 
asrayth ; but the resiJts obtained were not considered suf- 
iently important to warrant their publication. It will be 
en, therefore, that the question is eminently worthy of 
oroiigh scientific examination. 

We will first state, as briefly as possible, the main facts of 
e cose. We shall confine ourselves to ' hard ' steel, such as 
used for tools, containing not leas than say ^ per cent of 
rbon ; with ' milrl ' steel, containinff a smaller quantity, the 
ipnomeua are difierent. Hard dteel, aa produced mainly by 
e cementation process, can be hardened by being raised to a 
gli temperature, and then suddenly cooled, or ' quenched,' in a 
Ih of some cold fluid, generally water or oil. The outside is 
ways the hardest, but, if the thickness be moderate, there is 
usuierable hardening throughout. The colder the bath, the 
isater the hardness of the steel, imtil it reaches the ' ice-brook's 
inper ' of Othello's sword ; but steel in passing rapidly 
rough so long a range of cooling is very apt to ' fly,' or he- 
me brittle. For tough steel, therefore, the range of cooling 
ould be as low as possible. By cooling in oil, the tenacity of 
e steel is supposed to be increased ; and this incre-aso is be- 
ved to l>e greater the higher the temperature of quenching : 
t the difference between water-cooling and oil-cooling is pro- 
Uy only due to the fact that the latter is a more gradual 
iKess. Unless the initial temperature of the steel ia above a 
rtain point, the hardening does not take place at all. 

It will be seen that the phenomena vary materially with 
B initial and final temperatures of the steel, and to some 
lent with the rapidity of its passage from one to the other, 
jwill also be seen that the essential qualities of hardness and 
aghness are opposed to each other ; in other words, the steel 
IThe more hard, but at the same time less tough, as the fall of 
pperature is greater and more rapid. Hence it is of the 
fftOBt importance that the cooling should be as gradual aa is 
psiBtent with giving to the steel that degree of hardnesa 
lich is needful for the work it baa to do ; it will then be as 
figh as it can be made to be sufficiently hard. In the bringing 
I any article to this desirable condition consists the process of 
npering. In practice this is effected by first heating and 
enching the steel, so as to harden it in excess, then raising it 
ain very carefully to a certain temperature, varying according 
tliB use for which it is intended, and then quenching it again 
m that temperature. The manner in which the correct 
nperatnre ia ascertained is very curioua and striking. Take 
I caae of an ordinary cold chisel, which is uaiMail'^ \iai4csisA. 
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and tempered at one operation. The smith first heats it in his 
fire, protecting it from the atmosphere by laying it in the small 
coal. When he judges the heat sufficient, he draws it out, and 
dips the point in cold water, thus producing a rapid cooling and 
hardening. As soon as the cooling is completed, he lifts the 
point from the water, polishes it slightly, if necessary, with a 
grindstone or a file, and then watches it narrowly. The heat in 
the main body of the tool communicates itself to the point, and 
as the temperature of the bright surface rises, its original white 
lustre is seen to alter rapidly, first to a pale yellow, then to a 
straw colour, then to a full yellow, then to a brownish orange. 
As soon as this last tint appears, the smith drops the point 
again into the water, in full confidence that when cooled it will 
be of the right temper for its work. If, however, the heating 
were continued, the brown would become dappled with purple, 
and would then be succeeded by a full purple, light blue, full 
blue, and dark blue, in regular order ; and each of these would 
mark a point at which the steel should be quenched to give the 
temper proper for some particidar tool ; e.g.f bright blue for 
swords and watch-springs, dark blue for saws. 

Such being the facts, let us see how far theory has been able 
to account for them. This is what the Committee's Report has 
to tell us. Unfortunately, it is professedly deficient in its 
account of the German literature on the subject, owing, it is 
said, to the difficulty of obtaining good information from that 
coimtry. This deficiency, we believe, is to be supplied in a 
revised edition. Meantime, we can at least deal with the 
French and English views of the question. We should pre- 
mise that the Report has been primarily the work of Mr. W. 
Anderson, of the firm of Easton and Anderson, well known for 
his translation of Chemoff's important papers on steel ; but the 
Committee also comprises such names as those of ChernofE him- 
self. Professor Williamson, Professor F. A. Abel, Mr. J. Vavas- 
seur, and others. 

I. Composition of Steel and Cast Iron, — ^The early view 
seems to have been that the carbon in steel or cast-iron formed, 
at any rate in part, some definite chemical combination with the 
iron ; but about 1852, Jullien developed the theory that the 
carbon was always present as a ' solution ' merely — liquid when 
the iron was hot, solid when it was cold. The term * solution/ 
as applied to a solid substance, has not been fully accepted by 
English chemists ; but it appears to have a real signification, as 
expressing a mixture so intimate that the smallest particle of 
the mixture which can be isolated will always be found to con- 
tain both components. In some cases, as in very grey cast-iron, 
the carbon is not even wholly in solution, but partly exists in 
specks, more or less large, of pure graphite. In this state it 
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has generally been called ' free ' carbon, and wliea in solution 
' combined ' carbon. As to tlie proportion in wbicli these two 
Jorms occur in various qualities of iron and at^cel, Atennan, 
Barba, and others, have advanced various opinions ; but the 
view that there exists in steel or cast-iron any definite chemical 
combination, or carburet of iron, appears to be abandoned on all 
sides. It seems generally allowed that no other elements than 
carbon and iron should be present in really pure steel ; and 
that other substances, such as manganese, which are generally 
considered to improve steel, only do so by nentraliziug the 
action of other and more hurtful impurities. 

II. Condition of the Ciirhon of Iron in Steel. — Jullien's view on 
tbis part of the subject is, that molten cast-iron is a solution of 
liquid carbon in liquid iron : that when the metal is cooled 
slowly, part of the carbon separates out as pure graphite, while 
the remainder continues in solution, thus forming ' grey,' or 
soft cast-iron ; but that, when the metal is cooled quickly, this 
reparation does not occur, and that the result is a solution of 
crystallized carbon in amorphous iron, forming ' white,' or 
'h^a.rA. cast-iron. Exactly the same process occurs with steel, 
and makes the difference between hard and mild steel. Caron 
and Akerman generally confirm this view. They point out 
that hardened steel dissolves in hydrochloric acid without leav- 
ing any residue ; but that the same steel, if first aimcaled, by 
being kept a long time at a red heat and allowed to cool slowly, 
leaves a residue of carbon insoluble in the acid. This seems to 
show that there is a more intimate mixture between the two 
elements in the former case, and that the carbon either dis- 
solves with the iron, or, more probably, escapes as carburotted 
hydrogen. 

III. Hardening of Steel. — On this, the central point of the 
whole inquiry, JulKen advances a very bold and original theory. 
He holds that carbon, in contact with red-hot iron, becomes liquid 
and is absorbed like water in a sponge ; that, if cooled slowly, 
the carbon becomes amorphous, and the steel is soft ; but if 
cooled quickly, the carbon crystallizes, taking the properties of 
diamond, and the steel becomes, in fact, diamond set in iron. 
The hardness of the steel is thus simply due to the hardness of 
the crystallized carbon. In support of this, he remarks that all 
hard bodies take different molecidar structures, according as 
they are cooled rapidly or slowly ; e.g., gold is fibrous when 
Dost in a metal, mould, crystalline when cast in a sand mould ; 
glass is cryatallino when cooled rapidly, but amorphous when 
annealed. He further observes that diamond, heated for a long 
time in a closed vessel, becomes graphite, and hence concludes 
that liquid carbon, rapidly cooled, would become diamond. 

This theory, striking as it is, is beset with difficulties. As 
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the Report observes, it is difficult to see how it can possiUy 
account for tempering, Le,, for the nice gradations of hardnesS) 
var\dng with each small variation of temperature, and showing 
eacii its characteristic colour, which have been described abova 
Moreover, as there is no known process of liquefying carlxm, 
it is hard to believe that it is effected by the mere presence of 
hot air without the occurrence of any chemical reaction. 

Barba and Akerman advance a theory altogether different, 
viz., that the severe compression in the several layers, produced 
by their contraction during rapid cooling, retains a greater pro- 
portion of carbon in solution, instead of allowing it to separate 

out as graphite. Akerman supposes that the compression itself 
makes the metal more compact, and therefore harder, exactly 
as it is hardened in cold-rolling and wire-drawing. But, as the 
Report observes, the outer layers, which cool first, are brought 
into a state of tension, not compression, by their efforts to con- 
tract over the still heated core ; and yet it is precifely these 
outer layers which attain the greatest degree of hardness. There 
is, in fact, no reason to think that a piece of metal {e.g.y a thin 
sheet of steel) heated and then cooled uniformly, would suffer 
any internal compression at all ; yet it would undoubtedly be 
hardened. 

The exact molecular changes that occur during the heating 
and cooling of steel were ably discussed by Chemoff in 1868. 
His view is, that there is a certain temperature, a, which must 
be overpassed before any hardening effect can be produced by 
cooling ; and a higher temperature, ft, at whiqh steel takes an 
amorphous, wax-like form, and on cooling from which it crystal- 
lizes into large crystals if the process is slow and undisturbed, but 
into small crystals if the process is rapid or disturbed by 
hammering. Now for toughness and uniformity, in almost any 
metal, fine regular grain is essential ; hence steel is improved, 
while at the same time hardened, by heating above temperature 
b, and then cooling rapidly. If it is again heated, it begins to 
soften, without losing its quality ; but, so long as the heat is 
below temperature a, any required degree of softness can be 
ermanently fixed, by simply quenching the steel as soon as it 
as reached the proper point, as indicated by the characteristic 
colour. The phenomena of tempering are thus in some measure 
explained; but those of hardening still remain a mystery, 
since, although large crystals are unfavourable to the tough- 
ness, there is no reason to suppose that they affect the hardness 
of a metal. The existence, however, of some such molecular 
changes as Chemoff describes is confirmed by many other facts, 
e.g., the sudden and temporary expansions observ^ during the 
cooling of iron wire by Gore and Norris. 

Dissatisfied witla. t\ie x\i^0T\.^^ oi ^^Yt ^t^^^^assors, the 
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Committee have boldly struck out an idea of their own. This 
haa been suggested by Edison's experiments on platinum wire, 
communicated to the American Aaaociation for the Advance- 
ment of Science at Saratoga in 1879. These experiments showed 
that incandescent platinum wire became covered with minute 
fissures, due to the expiration of the occluded gases under the 
action of the heat : and that when the wire was allowed to cool 
in vacuo, these cracks closed up again and disappeared. By a 
Bucceasion of heatings and coolings in vacuo, the whole of the 
occluded gases were expelled, and the metal was then greatly 
altered in character, becomiog much more dense and hard, and 
remaining perfectly rigid under the most intense incandescence. 
The Committee suggest that the same action may take place in 
Bteel ; that the heating of the metal expels the gases which 
remain occluded at ordinary temperatures, and that the sudden 
contraction in rapid cooliug prevents their re-absorption (perhapa 
actually assists their expulsion) ; the particles of the metal are 
thus brought closer together, and their force of cohesion is 
increased. When the metal is gently heated, as in tempering, 
re-absorption begins ; and the characteristic colours are due to 
changes in the surface {e.g., the gradual opening of minute 
fissures) which are produced by this re-absorption. 

We do not propose at present to criticize this theory. 
The Committee suggest the carrying out of a series of experi- 
ments, with the special view of testing its truth. But since 
the Report was published, the subject has been discussed at a 
General Meeting of the Institution, and Prof. D. E. Hughes 
then gave it as his opinion, supported by recent researches, 
that soft steel was a mere coarse mixture of iron and carbon, 
while in hardened steel part of the carbon at least was in the 
form of an actual alloy with the iron, and that the qualities of 
the steel depend upon the constitution of this alloy. This was 
illustrated by the fact that hard steel was readily attacked by 
dilute sulphuric acid, while soft steel was not, which he 
accounted for by supposing that in the former case the com- 
bination was so intimate, that local galvanic circuits were set 
up, each molecule forming a minute carbon and iron battery. 
It is to be hoped that thia theory, taken in conjunction with 
the opposing theory of occlusion, will be fully and carefully 
investigated, especially as such an investigation, whether it 
confirms either theory or not, can hardly fail to throw con- 
Eiderable light upon the very interesting phenomena we have 
Uere attempted to describe. 
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EAJRLY MAN IN BRITAIN * 

TIIOSE of our readers who have the good or ill fortune (which is it?) 
of ha\dng attained middle age, will remember the pictures of the ancient 
inhabitants of l^ritain which used to adorn the first page of the Ststory (f 
England, Nearly naked figures, adorned with an elegant tattooed patteni) 
and beariAg skins on their shoulders as their sole possible protection from the 
inclemency of the weather, represented our primeval progenitors; and we 
were quite contented with the information that they drove war-chariots with 
scythe-blades attached to the axles, that their priests were the Druids, who 
venerated the mistletoe, and under whose directions Stonehenge was built) 
and that, among other amiable characteristics, they had that of offering 
human sacrifices. At that time, and even later, the learned, although they 
might dispute about Picts and Scots, Celtic migrations, Scandinavian inva- 
sions, and 80 forth, really knew little more about the matter than the boys 
at school. The History of England began with the ancient Britons, and 
that was pretty nearly all that could be said. 

Prof. Boyd Dawkins would carry the initial chapter of this history much 
further back. For him the preliminaries of human history in any given lo- 
cality may be considered to range over all time, and an acquaintance with 
Tertiary Geology at any rate is essential to the student of man. Thus at the 
outset of his Early Man in Britain, after indicating the close interrelation 
of the three sciences of Geology, Archaeology, and History, he sets forth the 
general principles of Palaeontological succession, and then discusses the 
principal phenomena of the Tertiary epoch, the members of which he classifies 
and characterizes by reference to the remains of mammalia contained in the 
respective deposits. This, of course, is essential to the discussion of the 
question whether man is a Tertiary animal, into which the author enters 
at considerable length. Ilis conclusion with regard to the Eocene and 
Miocene periods is that as none of the mammalia which lived in those 
times are now in existence, * It is unreasonable to suppose that man, the 
most highly specialized of all, should have been then on the earth,' an argu- 



* Early Man in Britain, and his place in the Tertiary Period. By W. 
Boyd Dawkins, M.A., F.R.S. 8vo. London. Macmillan and Co. 1880. 
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oteiit of considerable weight, although not quite conclusive ; especially when 
"We consider that in order to do away with certain supposed evidences of 
loan in Miocene times, Prof. Boyd Dawkins is obliged to * suggest that they 
vers made by one of the higher apes then living in France rather than by 
man/ the things to be accounted for being chipped flints and a notched frag- 
ment of a rib of Hcditherium, The same argument from the paucity of 
8tiU extant species of mammalia is urged in opposition to the existence of 
man in the Pliocene ; and it is not imtil post-Pliocene times, when living 
species of mammals were already abundant, that man, * as might have been 
expected,' indubitably makes his appearance on the stage. From this time 
tlere is not only no doubt of the existence of man properly so called, but 
tie persevering researches of archaeologists in this country and abroad have 
iKiade us acquainted with a good many particulars as to the characters and 
habits of these early peoples, leading gradually up to that period when 
documentary history of greater or less value becomes available. It is to 
tie development of this history of prehistoric man as learned by geological 
«nd archaeological research, that Prof. Dawkins' most valuable and interest- 
ing book is devoted. Its title, namely. Early Man in Britain^ is perhaps 
liardly sufficient to indicate the variety and importance of its contents, for 
l)efiides that it gives an excellent sketch of the European Tertiaries as eluci- 
dated by the mammalian remains contained in their deposits, even in treating 
of man, its more immediate object, the author's attention has by no means 
been confined to the narrow limits of these islands, but in investigating the 
sources of the human population of Britain, he has, almost perforce, entered 
upon the consideration of the ori^n and ethnological relationships of the 
peoples inhabiting the whole of Europe. The author's line will be best ex- 
plained by the following extract from his concluding summary : — 

'The River-drift man,' he says, 'first comes before us, endowed with 

all human attributes, and without any signs of a closer alliance to the lower 

animals than is presented by the savages of to-day; as a hunter, armed with 

Tude stone implements, living, not merely in Britain, but throughout western 

and southern Europe, northern Africa, Asia Minor, and India. Next follows 

the Cave-man, possessed of better implements, and endowed with the faculty 

of representing animal forms with extraordinary fidehty, living in Europe, 

DOrth of the Alps and Pyrenees, as far as Derbyshire, and probably belonging 

to the same race as the Eskimos. The disappearance of the Cave-man from 

Britain coincided with the geographical change from a severe to a temperate 

climate, the extinction of some animals, and the retreat of others to northern 

•nd to southern regions. In the pre-historic age the earliest of the present 

inhabitants arrived in Britain. The small, dark, non-Aryan peoples, who 

Bpiead over France and Spain, brought with them into Britain the domestic 

^lumak, and the cultivated plants and seeds, and laid the foundation of our 

Present culture. The next invaders were the bronze-using Celtic tribes, com- 

lH)8ing the van of the Aryan race. They crossed over from the Continent, 

•iOd introduced a higher civilization than that of the NeoHthic age. In the 

^uree of time the use of iron became known, and in the Prehistoric Ixon- 

*^ the condition of Britain was higher than it had ever been before.' 

This sununaay of the principal theme of the volume now before us will 
luffice to show the amount of interest attaching to its contents. The 
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evidence bearing upon all these points is given very fuBj Vj Prof. Bawkiiu^ 
who also deals in a similar spirit with a host of correlative details^ tending to 
show the conditions which must have surrounded our early anoestorsy and 
influenced them in their progress towards civilization. Nor does he f(xgel 
the influence exerted upon the population of Britain, and, indeed, of west^n 
and northern Europe generaUy, by the more advanced peoples of the 
Mediterranean region. ThuB his book furnishes an admirable picture of the 
history of man in this part of the world, prior to the existence of writtffl 
documents, so far as it can be made out from the occasional glimmenngg oi 
evidence which shine upon us through the twilight of the distant past We may 
add, in conclusion^ that this word-picture is copiously and well illustrated with 
pictures of another sort, which place before the student the actual repe- 
sentations of many of the more important objects to which the author has 
occasion to refer. 



A TEXT-BOOK OF BOTANY.* 

NUMEROUS as are the extant manuals and text-books of Botany, English 
students of that science certainly owe a considerable debt of gratitude 
to Dr. Vines for the production of a translation of Dr. Prantl's text-book. 
The original work was built up on the same lines as the well-known 
treatise of Prof. Sachs, with the purpose of furnishing a smaDer and leas 
elaborate Manual of Botany than the Lehrhbuchy and one which, while it 
might suffice for all the requirements of many students, would, at the same 
time, serve as an introduction to the larger work. We are not acquainted 
with the German original, but, so far as we can judge, the translation has 
been very carefully made, and the treatment of the subject is so concise and 
simple that the book cannot but exercise a most beneficial influence on those 
who use it as a guide in their botanical studies. 

The author commences with a short chapter on the general morphology 
of plants, and then, in his two succeeding sections, treats of their minute 
anatomy and physiology. The special morphology of the various types 
of plants is relegated to the sections treating of classification, in which the 
structure and relations of the different parts of plants are described in some 
detail imder the heads of the great divisions of the vegetable kingdom. 
This arrangement of the subject is very advantageous, and leads the student 
directly to a more philosophical conception of the subject than was generally 
attainable from the older manuals. 

The section on classification, enlarged as above indicated, occupies mow 
than two-thirds of the volume. The classification adopted differs in some 
particulars from the ordinary one in use in this country, especially in the 
wider limits of the orders adopted, which are, consequently, reduced in num- 
ber, while some groups of plants are referred to somewhat different positions 
from those usually assigned to them by English writers. The translator has, 

* An Elementary Text- Book of Botany. — Translated from the (German of 
Dr. K. Prantl, Professor of Botany in the Royal Academy of Forestry; 
Aschaffenburg, Bavaria. The Translation revised by S. H. Vines, M.A., 
D. Sc, F.L.S. 8vo. London : Sonnenschein & AUen, 1880. 
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however, given a consensiiB of the two claBsiflcntionH of Phaneri^ama, which 
will be of material service to the student. He has also substituted Prof. 
8acLs' claasificatioo of Thallophjtea for that ipvvn by the author. We notice 
that tlie composite Algo-frnigal nature of the Lichens is here aecepfed ns 
proved. The woodcut iliuatrationa are esct'lleiit throughout the whole book, 

^^TTE are very glad to see that Mr. PasEoe's little handbook of syatematic 
' ' Zoology, the first appearance of which we noticed in April, 1877, has 
been bo auceessful as to iMUHe him to bring out a second and greatly enlarged 
edition of it. The general plan of the work continues the same, but the 
author has modified the claHsifii'ation here and there in accordanCJi with trea- 
tises publiahed during the last four years, and he baa added greatly to the 
Btatements of the opinions of different authors on the clasMhcation and value 
of various groups, thus making his book, which is still small enough to be a 
most convenient pocketrcompanion, an exceedingly valuable compendium of 
Zoology. The glossary of zoological, anatomical, and phyeiolo^cal terms, 
which the author has appended to the book, and which, in general, will 
be found useful, is certainly in some points not so good as it ought to be, 
some of the definitions being unsatisfactory, or even al)SDlutely erroneous. 

In all other respects wo can only endorse the opinions espreased in our 
former notice of this book. The author has evidently bestowed immense 
labour on its preparation, and while we admit that there are portions of tha 
work which are fairly open to criticism, it would be ungracioua to point out I 
small defects when the general reault is so excellent. 



1l*"UCH has beenwiitten by AmerieanarchfeologistsontheBubjectofthow I 
■l.'-J. mysterious earth-mounds which are abundantly scattered through the i 
talleja of the Mississippi and the Ohio. Mr. Maclioan has done useful work , 
in concentrating the literature of the mounds so aa to bring its essei 
iritliin compass of a small octavo volume. Those readers who have not I 
Opportimity of procuring, or the lime for reading, the larger works on Ameri- 
can archsDology, will find in this little hook a popular summary of what ii 
Icnown about the mounds and their contents. The implements in stone and 
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Zookgical Classi^af-ion ; a Sandy Book of JIfftrmce, with taUes of tht 
Sub-kingdfimi, Clattes, Orders, Sfc, of the Animal Kinydom, their Charactert, , 
OTUJ Lialt of the Families and principal Genera. — By Francis P. Pascoe,F.L,8, i 
Second edition, with additions and a Glossary. Sm. 6to. London: Van 
Voant. 1880, 

i" The MoundStiil^ri, being an account of a remarkable people that anea 
inhibited the VaUei/a of the Ohio and Missiuippi ; together toith an imxttigo' \ 
tion into the Archeology of Butter Coanlj/, Ohin. By J, P. MaeLean. 8vo. 
Cincinnati : Robert Clarke & Go. London : Crosby, Lockwood &. Co. 1879, 
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copper, handmade pottery, the quaintly wrought pipes, the great plates of 
mica and lumps of galena, brought from a distance and deposited in the 
mounds, are relics which tell of a primitive people dwelling in the coimtiy 
before the Bed Man got possession of the land; but who these mound- 
builders were, whether Nahoans or Toltecs, or what not, no man at this day 
can confidently assert. Notwithstanding the multitude of relics which have 
been unearthed, we may still say of this subject, as old Camden said of quite 
another matter, ' we walke in a mirke and mistie night of ignorance.' It 
should be remarked that Mr. MacLean not only gives a general account of 
the mounds, but includes in his book an original archseological essay on 
mounds of Butler County, in Ohio. 



ELECTRIC LIGHT.* 



THE recent popularity of the Electric Light seems to have produced a 
large crop of literature on the subject, of very unequal value and 
character. The present work is stated in the Preface * to contain a general 
account of the means adopted in producing Electric Light.' ^No attempt 
has been made to teach the science of electricity.' To this modest unde^ 
taking of Mr. Urquhart, Mr. Webb adds a prefatory note to the effect that 
' in revising for the press Mr. Urquhart's little work, he has endeavoured to 
arrange the matter in accordance with the history of the subject, and to 
make a few additions on historical, theoretical, and experimental points.' 
Beyond these statements, it is not very clear in what proportion the two 
writers named on the title-page have severally contributed to the general 
result. A short introduction leads to a chapter on voltaic batteries, very 
trivial in character, at times incorrect, as, for instance, in stating that ' the 
dense variety of carbon known as graphite, found in gas retorts, is of 
little use ;' and again, that * it is better to give the carbons in Bunsen batteries 
a heading of lead,' and to solder a piece of copper to the top of the platinum 
for a Grove's battery. The author's modification of ' Bumes' negative plate 
cell ' is stated to be ' very portable, and may be made use of in travelling, to 
secure photographs of caves and such places.' The negative consists of a 
plate of copper, to one surface of which, as well as to its edges, a sheet of 
platinum foU, compact and free from pinholes, is soldered, and to the opposite 
surface, or back, a sheet of lead.' The exciting solution used consL<*ts of 
sulphuric acid and bichromate of potash, substances calculated to do no little 
havoc on this singular compound of platinum, lead, copper, and soft solder. 
Air is moreover pumped into the cells by means of leaden pipes, inserted in 
the liquid ! Ten of these batteries are stated ' to produce the effects of sixty 
or seventy Grove or Bunsen cells ! ' 'To prevent the possibility of any ^ 
appointment in the use of this apparatus, it will be as well to tell the reader 
at once, that for every fifteen minutes or so of Electric Light, the cells will 
be nearly exhausted, and to continue at full power, ought to be refiB?^* 



♦ Electric Light ; its Products and Tlse, 8fc, By J. W. Urquhart, 0^' 
Edited by F. C". Webb, M.I.C.E., M.S.T.E., with ninety-four illustrations. 
Small 8vo. London : Crosby, Lockwood and Co. 1880. 
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lapters written in the same slipshod style follow, on Thenno-electric bat- 
ries (5 pages), magneto-electric generators, electro^magneto-electric ma- 
ones (6 pages), djnamo-electric machines, evidently gathered from familiar 
>uices, containing nothing new except what is not true ; and so at the 150th 
Btge we arrive at some * general observations on machines.' IIere> at last, 
re meet with traces of practical, if not of theoretical knowledge, such as re- 
ommendations ' to start the machine with open circuit,' and ' never to place 
he machine at full speed on short circuit,' to drive steadily, and to use sperm 
il for lubrication. ' A machine that heats much is not properly constructed, 
aid may be improved by taking a layer of wire off the electro-magnet.' 
chapter YIII. deals after the same fashion with * electric lamps and candles,' 
laming those best known, and omitting, as usual, their common ancestor, the 
/hapman lamp, abeady figured in this journal. The author contributes a 
&mp about as good as his battery. Of this invention it is naively said. 
When the lamp has given light for about six hours or more, and it is re- 
uired to continue for another six hours, it is only necessary to slightly lower 
he plates by the screws in the armatures. In practice this cann ft be done 
ust 08 directed.' 

Mr. Edison is dismissed very cavalierly. 'Much interest,' says our 
uthor, ' has been taken in the sensational and often absurd announcements 
onceming the apparatus in course of perfection by Mr. T. A. Edison, of 
fenlo Park, New York. This inventor is well known by his talking phono- 
Taph (sic) and telephones, and it was in some quarters thought that when 
le had set himself to the task of inventing an efficient subdivision of the 
lectric light circuit, something would in all probability be done. Unf ortu- 
lately, however, as far as can be learned up to this date (July, 1879), the 
•ttempts have proved almost complete failures.' 

In Chapter IX. we have nine pages on the measurement of the electric 
ight,in which Rumford's and Bunsen's photometers are very feebly described, 
oflowed in Chapter X. by eleven pages on the ' mathematical and experi- 
lental (sic) treatment of the subject.' Hopkinson, Schwendler, Preece, and 
liemens, are laid under contribution, but to very little purpose. The book 
oncludes with about a dozen pages on the cost of the light. The quantity 
f information given in 290 pages is infinitesimally small. 

Messrs. Crosby and Lockwood deserve much credit for the getting up of 
he book. The print is excellent, the paper beautiful, the woodcuts superb, 
'heb motto on the title-page is Capio lumen — it would have been better in 
lus case had they modified the first word to JRejicio, W. H. Stone. 



BRITISH COPEPODA.* 



[N the course of the thirty-six years of its existence the Ray Society has 

certainly well fulfilled the purpose for which it was established. A 

feat number of copiously, and often most beautifully, illustrated monographs 



* A Monoffraph of t?ie Free and Semi-parasitic Copepoda of the British 
^ands. Bv &. Stewardson Brady, M.D., F.L.S. 2 vols. 8vo. London : Ray 
ociety. 1878-1880. 
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have been issued to the snbflcribers ; works which it would have been im- 
possible for any publisher to bring out in the same style without certain loss ; 
and we are glad to take the opportunity of the appearance of the second 
volume of Mr. Brady's book on the British Free and Semi-parasitic Cope- 
ppda to remind our readers of the existence and activity of this Society, 
which certainly merits a larger share of patronage than would appear to fall 
to its lot. This is not the place to give a list of its publications, but we 
may cite the magnificent work of Alder and Hancock on the Nudibranchiate 
Mollusca, Forbes' Naked-eyed Medusae, Professor Allman's Freshwater Poly- 
zoa, Mr. Blackwall's British Spiders, and Mr. Darwin's Monograph of the 
Cirripedes, as showing how much naturalists are already indebteid to the 
Ray Society. 

Among the eariier volumes published by the Society was Baird's Natural 
History of the British Untomostraca, an excellent and standard work, founded 
to so great an extent upon the author's personal investigations that although 
it is now somewhat out of date it must always hold its position as a book of 
reference. It was published in 1850 ; and the best proof of the vast strides 
that have been n^ade in this department of Zoology, of late years is to be 
found in the fact that Mr. Brady has now devoted two octavo volumes to 
the description of the members of only one of the six orders recognized by 
Baird. The truly parasitic forms, whose alliance with the crustaceans de- 
scribed by Mr. 1 rady is, in many cases, established only by the investigation 
of their development, were placed by Baird in a separate division of the 
Entomostraca ; and this distinction is still maintained by some high authoii- 
ties, so that his Copepoda include precisely the free-swimming and semi-para- 
sitic (or commensal) forms which form the subject of these volumes. 

Of his Copepoda, Baird describes and figures only thirteen species, but in 
the case of the weK-known freshwater Cyclops he cites three varietal forms, 
so that we may reckon that he recognized fifteen forms in the order. Mr. ^ 
Brady, however, describes fourteen species of the genus Cyclops, as nov 
restricted, whilst the total number of British Copepods with which he expecti 
to have to deal in the execution of his present task, amounts to at least 151. Of 
these, 134 are treated of in the volumes before us, the remainder, consisting 
of three families of socmewhat aberrant and semi-parasitic forms, will form t 
third volume, which will also contain a general sketch of the anatomy and 
physiology, and development of these organisms. In his Introduction, Mr. 
Brady gives short directions as to the best modes of collecting, examining, 
and preserving the Copepod Crustacea. 

Of the systematic part of the work, considering the reputation of thfi 
author, it is scarcely necessary to say much. As we have already remarked, 
he differs somewhat from certain other writers in his views as to the affini' ^, 
ties of the free and parasitic Copepods, and this, to a certain extent, inflo* ^T 
ences his opinions as to the classification of the former; but only ^f 
regard to certain doubtful forms, as to which an absolute agreement be-j 
tween different geologists is scarcely to be hoped for. In every respect tb» 
work is most carefully executed, and it cannot fail to prove of the gresi 
advantage to the students of our British fauna. The plates, of which ti 
are in all eighty-two, furnish outlines, and sometimes coloured figures of 
species, with copious iJluatteAioTiB oi \Xi^ stiucture of those parts which 
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Qf most 83r8tematic importance. These figures have been drawn bj the 
author himself ^ and carefully lithographed by Mr. Hollick. They, of course, 
add immensely to the ¥alue of the work. 



THE GEOLOGICAL EECOED.^ 



TTTE are exceedingly glad to be able to call attention to the publication of 
* * another volume of this valuable guide to contemporary geological 
literature. The present issue has been, indeed, a little tardy in making its 
appearance ; but the editor informs us in his preface that this is due to the 
temporary loss of the MS. of the section on European Geology, which, he 
says, was ' appropriated by some very wise person as an article of great 
value, and not recovered for some months.* The general arrangement of the 
contents is the same as in the last volume, but we observe that the editor 
has adopted an approximation to the plan which we ventured to suggest in 
noticing the latter, by placing the supplementary notices relating to former 
years as appendices to the sections to which they belong, instead of bringing 
them all together in a miscellaneous mass at the end of the book, where 
they stood in much danger of being overlooked. This is, undoubtedly, a 
great improvement, but we still think it would be better to do away with 
supplements altogether, and work their contents into the body of each sec- 
tion, merely distinguishing the supplementary articles by the addition of their 
dates. Mr. Whitaker does not claim perfection for the work offered to their 
wnfrlre% by himself and his able coadjutors ; indeed, he insinuates that the 
attainment of perfection might be imsatisfactory to some people who are 
fond of ' discoursing eloquently of " the imperfections of the Geological Re- 
cord ;" ' but we ar« thankful to say, that the fear of such a catastrophe does 
not influence these ' Able Editors,' who evidently aim at making their Re- 
cords of Geological Literature as perfect and useful as possible, and certalnlj 
'With no stinted measure of success. 



NEW ZEALAND ZOOLOGY.t 



PROF. HUTTON'S ' Zitolofftcal Exercises ' is the outcome of his adoption of 
the method of teaching Natural History advocated and illustrated by 
Professors Huxley and Martin in their Elementary Bklogy, His students 
required a handbook, and that just mentioned, from its dealing only with 
British organisms, and for some other reasons, did not quite suit the wants of 
the New Zealand Professor, who, accordingly, set himself the task of pre- 



• The Geological !Recordfor 1877. An account of Works on Geology , Mine- 
i^ohgu, and Pakeontology y published dwing the gear. With Supplements for 
1874-76. Edited by William WHtaker, B.A., F.G.S. 8vo. London: 
Taylor & Francis, 1880. 

f Zoological Exercises for Students in Nho Zealand, By F. W. Hutton, 
Sin. 8vo. Dunedin : J. WilMe & Co., 1880. 
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parinpr a manual which should deal with characteristic types of animak 
inhabiting New Zealand, more or less after the same fashion. 

It will be seen that in one important respect Prof. Hutton departs from 
the method advocated by Prof. Huxley, namely, that of regarding Zoology 
and ]3otany as forming one single science; further, while noticing a much 
largtT number of animal types, his investigation of them is by no means so 
elaborate as that sketched in the English book ; but on the other hand, his 
little work includes certain elements wanting in the latter, and which will, 
we think, peculiarly adapt it to be useful to those who are seeking to instruct 
themselves in isolated and out-of-the-way places. These are a description of 
the microscope, and a guide to its use, preceding the section on Morphology; 
and a general synopsis of the classification of animals, and a tabular analysis 
of the families of insects which follow it. The last-mentioned portion of the 
contents is intended to enable students to make their first steps in taxono- 
mieal zoology. The author wishes his readers to collect numerous insects, 
and then, by means of this table, to refer them to the families to which they 
belon 



r 



PONDS AND DITCHES.* 



WE welcome this little volume on account of its intrinsic qualities, and 
also as it may serve to call the attention of a considerable number of 
readers to the interesting and instructive series of natural history objects that 
may be obtained from sources that most people pass, either without consi- 
deration or with a feeling of contempt. The author has given a good sketch. 
of the botany and zoology of ponds and ditches, indicating, generally, the 
more striking and interesting members of the various groups of plants ani 
animals that may be found in such localities. So far as it goes his workift 
a very satisfactory one throughout, and but for two or three objections it^ 
might justly have been recommended as a most satisfactory guide to that 
wealth of organisms that people even the most insignificant pieces of stand- 
ing water. The author coromences by describing the principal flowering 
plants which grow either in the water of ponds and ditches, or on their mar- 
gins, then notices, in their order, the lower forms of vegetable existence, th& 
freshwater Algae, Desmids, and Diatoms, and finally the animals which aboimcL 
in such places, commencing the latter part of his work with the Protozoa^ 
and working upwards to the insects and their larvae. But, unfortunately, hy^ 
what seems to us a great error of judgment, he has omitted all notice of th^ 
pond-haunting fishes and Batrachia, which would furnish materials for twc^ 
interesting chapters, and this because they have already been treated in anothei^ 
volume belonging to the same series. We presume it is for the same reasor^*- 
that the pond MoUusca are also passed over sub aUentio, and these two omis^ — 
sions seem to us to detract immensely from the value of Dr. Cooke's little 
volume, which might so easily have been made a very excellent guide to th^ 



* Natural History Rambles. — Ponds and Ditches. Bv M. C. Cooke, M.A- ^ 
LL.D. Sm. 8vo. London: Society for Promoting Christian Knowledg^^ 
IS80. 
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^ries of pond-life. This incompleteness is the more to be regretted as 
8 greater part of the remainder seems to be very carefully prepared, the 
ly chapter that shows striking indications of weakness being that on aquatic 
lects, in which no mention is made of several forms common in ponds. We 
ij especially notice the curious larvae of Stratiomys and Eriatalia as being 
drely unmentioned, as also the Palpicom water-beetles, including the great 
idrouSf which was certainly worthy of a few words. "We notice, further, that 
3 larva of AcHius sulcaius is figured as if it was that of Dyticus ; and that 
3 author's notions of the aquatic Plemiptera are rather confused. The little 
)k is well illustrated with woodcuts. It concludes with a chapter on col- 
ting and examining specimens, and notwithstanding the defects which we 
re noticed above, it will undoubtedly prove a useful companion to the 
ing naturalist in his first steps towards the knowledge of freshwater 
anisms. 



BRITISH MOSSES.^ 



"OSSES, perhaps, receive about as little attention from Botanists as 
any class of plants, and considering how many Botanists are mere 
ctors, and how admirably mosses lend themselves to the collector's 
»oses, this is rather remarkable. Something may be due to the minute- 
of the size of many of the species, and something perhaps to difficulties 
rent in the systematic treatment of these plants ; but we fancy the chief 
e of the comparative neglect with which they are treated is to be sought 
le want of a good illustrated English treatise upon them. The flowering 
ts and ferns are enthusiastically studied by many ; sea-weeds are not 
lly neglected; the study of the fungi may almost be regarded as a 
'alent fashion, and the lichens have their admirers ; but upon all these 
ips the British Botanist possesses more or less reliable guides in his own 
uage. 

Cn the work of which the first part is now before us, Dr. Braithwaite 
i at placing the British Mosses on the same vantage-ground as the more 
>ured classes of the Vegetable Kingdom ; and judging from the sample 
ly issued, he will succeed in his endeavours. In this first part, indeed, 
las not got very far with his task — ^it relates solely to that curious order 
aosses, the AndreaBacese, which differ from all other members of the class, 
resemble the Jungemannieae, in the longitudinal splitting of their capsules, 
show their closer affinity to the true mosses, in the general structure of 
plants, the presence of a columella in the fruit, and the absence of elaters. 
these plants, which grow always upon rocks on high mountains, extending 
to the borders of the perpetual snow, the author distinguishes five 
tish species, which he describes fully, indicating and discussing their 
3nymy in detail, and illustrating their structural peculiarities by numerous 
res drawn by himself, and forming two plates. 
The work, if carried on as it has been coromenced, must attain con- 



The British Moss-Flora. By R. Braithwaite, M.D., F.L.S. Part I. 
London: Published by the Author (at 303 Clapham Boad). 1880. 
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mderable dimeiiBions, but it bids fair to famish British Botanists witli a 
very complete Hand-book of the Mosses, embodying the results of recent 
foreign work, even to the extent of indicating the extra-British European 
species. Our only regret is that the author should have adopted the very 
inconvenient system of personal publication, which always increases tk 
difficulty of procuring a book. 



SPRING.* 

IT is rather remarkable in these years to find any one capable of getting 
enthusiastic on the subject of Spring. Of course there are many efiete 
articles of faith to which some men cling tenaciously for years after they 
have been proved to have no real foundation; but these generally rested 
originally upon intangible bases ; and it is well known that many people 
(especially women) persist in the belief that certain other persons are angels, 
whom the general voice of society would pronounce to be of a very different 
quality. Such delusions must be matters of memory, and to the same cate- 
gory we must refer Mr. Heath's encomiums on Spring. For the last few 
years, indeed, it has been rather hard to say when spring began or endei 
The wli( le year has been one continuous wet March, varied only by frost 
and sn^w and fogs, in those months which have always been denominated 
winter, and by occasional hot days in the season which is still, by courtesy, 
named summer ; and it can only be by an effort of memory that even a poet 
could sing the charms of spring. To avoid confusion (influenced probably 
by the peculiar meteorological conditions above referred to), Mr. Heath 
makes spring commence in January. He might also, with some show of 
justice, have made it include June, but, yielding to old prejudices, he con- 
tents himself with May. 

The earlier chapters or sections of Mr. Heath's Sylvan ^^rin^ contain general 
descriptions of the delights of country, and particularly of woodland scenery 
in the early part of the year, and this part of his work especially we must 
regard as embodying reminiscences of the past and anticipations of the 
future rather than the records of present experiences. The sun shines 
brightly in Mr. Heath's pages ; the flowers bloom, the birds sing, and the 
trees burst into leaf as they used to do in days long past, and the whole story^ 
of Spring is told with a most enviable freshness. In the later sections ou:t" 
author ties himself down to a chronological arrangement of his subject, an(3- 
treats successively of the months from January to May, indicating undexr 
each the principal phenomena which may be observed in the progress o* 
vegetation, and interspersing his narrative with some notices of birds ano- 
insects, among the latter, especially, the butterflies. The book is illustrated 
with numerous woodcuts, among which some of those representing country 
scenes are exceedingly beautiful ; and also with a dozen plates printed i^ 
colours, which, although not first-rate productions, are pretty and attractive 



* Sylvan Spring, By Francis George Heath. Sm. 8vo, London : Samp" 
son Low & Co., 1880, 
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Dugh. like all Mr. Heath's works, this seems to be well adapted to its 
rpose of exciting a love of nature and a desire for studying natural objects in 
readers* minds, and few books could be more appropriately placed in the 
nds of young people who have the good fortune to be able to pass any 
rtion of the earlier months of the year among the rural scenes which it so 
ccessfully depicts. 



GEOLOGY OF THE LONDON DISTRICT.* 

jTTE are glad to be able to announce the publication of a third edition of 
' ' Mr. Whitaker's memoir on the Geology of the London district, the 
iplanation of the Geological Survey map of that area, and of the geological 
lodel of London, which may be seen in the Museum of Practical Geology in 
ennyn Street. The book, as we stated in noticing its first issue, affords an 
xcellent summary of the geological phenomena observable in London and 
ts immediate neighbourhood, and Mr. Whitaker has carefully worked into 
t the results of recent investigations, some of which are of considerable 
Qterest and importance. The most important of all the additions are those 
elating to the demonstration of the existence of a great ridge of Palaeozoic 
ocks under the London district, upon which so much light has lately been 
hrown by deep borings in quest of a supply of water. All these are noticed 
a some detail, and at p. 19 there is a very useful table showing their depths 
^d the various formations passed through in sinking them. 



* Guide to the Oeohgy of London and the neighbourhood. By William 
Vhitaker, B.A., F.G.S. Third edition, 8vo. London : Longmans and Stan- 
5rd, 1880. 



266 



1 



SCIENTIFIC SUMMARY. 



ASTRONOMY. 

Solar ParaUcu:, — Mr. David Gill, her Majesty's Astronomer at the 
of Good Hope, has at length completed his investigation of the value of the 
solar parallax, and he communicates the result to the Koyal AstroDomical 
Society. It will be remembered that Mr. Gill went on an expedition to 
Ascenaion It^laud in the year 1877 in order to determine the solar paralltf 
by measuring with a heliometer the distance and position of the planet 
Mars from certain stars in the evening and morning. The expedition 
proved completely successful. Since this period Mr. Gill has been engaged 
in reducing these measures with the greatest care, taking every precaution to 
eliminate every source of systematic error. On twenty-five occasions he 
was able to obtain a complete series of measures of the distances of the planet 
Mars from the same star in both the evening and morning, this observation 
Ijeing superior to those in which the position of the planet had to be measured 
from different stars in the evening and morning. These twenty-five sets of 
measures give for the value of the solar parallax 

TT = 8"-780 ± 0"-013 
When all the observations are reduced together, the result is 

TT = 8"-778 ± (y'-026 

The larger probable error shows that this result is inferior in accuracy to 
the other. 

The separate results range between 8"*62 and 8"-90, so that they are 

fairly accordant, and would seem to render it probable that the resulting 

value, 

IT = 8"780, 

is not so very far from the truth. This value is considerably smaller than is 
generally believed to be correct, most astronomers considering that the 

real value is»not very far from 

TT = 8"-84 

The result of the last transit of Venus has given all kinds of value, from 
8"'76 to 8"-90, and up to the present time no very satisfactory result has 
been obtained. 

Lately an attempt has been made by Messrs. Campbell and Neison to 
determine the value of the solar parallax from the parallactic inequality in 
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motion of the Moon ty taking means to eliminate all the systematic 
OT8 which have hitherto rendered discordant the results ohtained by this 
thod. The method of determining the solar parallax by means of the 
•allactic inequality would be, perhaps, the most favourable of all were it 
md possible to eliminate these systematic errors. This Messrs. Campbell 
i Neison have undertaken to do. The value they obtain for the solar 

IT = 8"-778 ± (y'-007 

This value is conditional, however, on the assumption that there is a 
riodical variation in the motion of the Moon due to the action of the 
mets, which systematically affect the value found for the parallactic 
iquality. The fuller inquiry whether there really exist such periodical 
riations, the authors defer to a subsequent research. If there do not 
ist such variations, then they show that the parallax of the Sun is 

TT = 8"-848 ± 0"-007 

Transit of Venus on December 6, 1882. — The Astronomer Royal has 
-tely communicated to the Royal Astronomical Society an account of his 
roposed plans for observing the transit of Venvs on December 6, 1882. 
te method to be used is Delisle's, which consists in observing the exact 
me of the ingress or egress of the planet from points on the surface of the 
ipth where this ingress or egress is much retarded or accelerated. 

For places where the ingress of the planet on the Sun wiU be much ac- 
jlerated, it is proposed to use stations in the Cape Colony, from the obser- 
tttory at Cape Town to D'Urban. 

For stations where the ingress of the planet on the Sun will be much re- 
irded, it is proposed to utilize places in the West Indian Islands, and espe- 
aUy Barbadoes, Trinidad, and Jamaica. 

For places where the egress of the planet from the Sun will be much 
celerated, it is proposed to use the same stations as those for retarded 
?re8s. 

For stations where the egress of the planet from the Sun will be much 
tarded, it is proposed to use places on the eastern coast of AiLstralia, in- 
iding Melbourne and Sydney, and, if possible. New Zealand. 

It is proposed to entirely give up the use of photography, on which so 
ich reliance was placed by Sir G. Airy and his advisers prior to 1874, 
t which the results of that transit showed to be useless when employed in 
^ manner it was. 

It may be remarked that the commencement of the transit will be visible 
England, commencing shortly before sunset. 

Wtra-Neptunian Planets, — ^For many years astronomers have speculated 

the probability of there being several planets belonging to the solar 
item and revolving in orbits beyond that of Neptune, Such a planet 
>nld probably be so faint and would move so slowly that it might easily 
5ape detection for many years. There is, moreover, a peculiar relation- 
ip between the aphelion distances of a number of periodical comets and 
d mean distance of the planet Jwpibefr, which has led astronomers to 
ppose that these comets have been introduced into the solar system by the 
traction of that ii:iant planet. There are other comets whose aphelion 
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distances are similarly related to the planet Nephine, and might he supposed 
to have been introduced into the solar system by the attraction o! that 
planet. For this reason it has frequently been pointed out that there may 
be ultra-Neptunian planets ^*ith mean distances of about 45 and 75 
times that of the flarth, as there seems to be a tendency for periodical comets 
to have their aphelion distances at about one oi these distances from theSuL i 
Nothing beyond mere speculation seems to have engaged the attention of 
astronomers. At the end of April, however, Prof. Oeorge Forbes puUiflhed 
the following definite statement : — ' Prof. G. Forbes, of Anderson's Univeiaty j 
of Glasgow, has reason, from the study of the action of the planets on 
comets, to believe that a planet exists at present in right ascension 11^ 40^ 
and North Polar distance 87% or within, perhaps, 6° or so of that spot, 
close to the ecliptic ; that the opposition is just past, and that its distance 
from the Sun is 100 times that of the Earth/ 

Much interest was aroused by this statement, and much curiosity excited 
as to the means by which l^f . Forbes had arrived at so definite a prediction 
of the position of so distant a planet. It was obvious that he could not have 
made use of a method of inverse perturbations, like the method employed bj 
Adams and Leverrier for the discovery of the position of Neptune, for, 
apart from other considerations, this would require his proving that there was 
no other planet between Neptune and this new one, which may be termed 
Forbes' planet, and this is impracticable with our present knowledge. 

It was evident, therefore, that he must have employed some method 
based on the position and dimensions of the orbits of the known periodical 
comets. It was by no means obvious, however, how from these data there 
could be determined the present position of the planet, even granting that it 
might be legitimately assumed that such a planet had introduced certain 
comets into the solar system. 

Lately Prof. Forbes has published some details of his method of investi- 
gation. Prof. Forbes assumes, firstly, that any comet with a given aphelion 
distance has been introduced into the solar system by a planet with a mean 
distance sensibly equal to the aphelion distance of the comet ; and secondly, 
that this comet was introduced into the solar system at a time when the 
comet was at its aphelion and when the longitude of the planet was nearly 
coincident with the longitude of the aphelion of the comet. Both of these 
are fair assumptions to work on. He shows that there is a group of comets 
with period ranging between 300 and 500 years, which have their aphelion 
distance at about 100 times the mean distance of the Earth. In accordance 
with the basis of his investigation he assumes that these comets have been 
introduced into the solar system by the attraction of a planet whose mean 
distance is about 100 times that of the Earth, and whose period of revolution 
around the Sun is about 1000 years. 

Prof. Forbes then inquires what must be the position of this planet at the 
present time, so that by its motion in past ages this planet would have been 
in the right position to introduce these comets into the solar system. In a 
highly ingenious manner Prof. Forbes shows that if the present longitude of 
the planet be about 180* and it moves about ^° per year, it would have been 
in past ages in the right position to introduce into the solar system the 
greater number of the comets in this group. Thus, in about the year 1650 
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itmlght Have introduced the comet I. of 1843, and in the year 1608 hava 
jnrt moved into the right pimtioQ to introduce comet II. of 1650. Still 
eBtlier.in 068, it would have been in the position to introduce comet IV. of 
1840, and in the year 409 the comet I. of 1861. Aasuming, then, the planet 
did introduce these comets at thesa times. Prof. Forbes is able to show that 
ti^eplunet must have a period of about 1006 years, a mean distance of lOOj, 
and be in lonyitude 174° in the year 1880. Consequently its present position 
■wonM be Eight Ascension 11" 40"", and North Polar Mstance 87'. Prof. 
Forbes then inquires if there be any stars now missing- from the Cataloguea 
nhict may be really obeervations of this planet. The only one he finds is 
8tarNo.894of the Onenmch l^rst Sevfn-Year Catalogue. This is a star which 
sw)l)eervedtwineinthe7earl857,buton no subsequent occasion, and ita mag- 
nilude is not stated, but cannot have been less than eighth or ninth magni- 
tude. It is not unlikely that this supposed star may have had no existence, 
snd the observation hare been that of some known star, written down with a 
iToDg reading, or it may have been a faint star observed by mistake, having 
been taken for a minor planet, which would account for its not being 
observed agsin ; but, as Prof. Forbes points out, it may have been his 
pkael, which would have been quite close to the place at the time. 

I! this planet really exists, what would be its probable dimensions and 
ipjiearsnce? Uranus and N^itune are both about 35,000 miles in dia- 
niE'tet, and it may be assumed that the new planet is of the same dimen- 
sion. Then, from its great distance, it would present a disc only 0""8 in 
iuneter, or prnctically undistinguishable in size from that of a star, unless 
It be with a very large and perfect instrument. Its brightness would also 
bs much less than that of Neptune, as not only would it receive but one tenth 
of the amount of light, but there would be only one-tenth as much reflected to 
tbe Earth, so that it would shine with only one-hundredth of the brightness. 
The brightness of Neptune is that of a star of the eighth ma^itude, so that 
tie brightness of the new planet would be only that of a star of thefourteenth 
oiagnitude. Its mean daily hehocentric motion would be 3^" of arc, which 
wonld bo so slow that it eould only be detected after several days' interval. 
Considering, therefore, the very great number of fourteenth-magnitude stars 
Vhich there are in any small area in this portion of the heavens, probably many 
buadreds in the area which must be searched to find this planet, and the \ 
necessity that there would bo of mapping the whole district as practically the 
cnly way of detecting so slow a motion, it may be regarded as almost hope- 
less to search for such a body. It is probable that the planet would cot even 
be visible with less aperture than 9 op 10 inches', and it would require a 
telescope of at least 15 or 16 inches aperture to properly search for it. 
Unless, therefore, this new planet of Forbes is much larger than either 
Neptune or UrantiB, its discoveiy is well-nigh hopeless. 

But if the missing star from the Greentmch Firti Seven-Year CU/alogue 
be really this new planet, it must shine like a star of the eighth or ninth 
magnitude. To do this it must have a diameter at least eight times thai of 
Neptune or Uranm. This would be eicessively improbable, for it would 
imply a diameter of 280,000 miles, or three times that of Jupiter and 
nearly one third that of the Sun, whilst its mass would probably be nearly 
twenty times that of Jupiter or one-fiftieth of that of tiie Sun, assuming i 
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the mean denAity of the planet to he less than that of any other. Its appft< 
rent diameU'r would he over 6'', so that it would appear like an exceedingly 
bright planetary nebula, and could not weU be mistaken for a star hytk 
Greenwich obKervers. Moreover, it would certainly produce well-inaned 
perturbations in the motion of the greater planets. This consideration seems to 
render it out of the question that the missing star from the GreenTneb 
Catalogue can be Forbes* planet For it to be really rendered possible ia 
this star to be Forbes* planet, the planet must be supposed to shine Tnj 
brightly by its own light, and to be of nearly the dimensions of the planet 
Jupiter, It would then shine like a ninth-magnitude star, and might be 
detected without very great difficulty. The assumption, however, thst a 
planet of this size could be shining brightly by its own light, is one wbidi 
b far from being probable. Even under the most favourable drcumstanoes 
it is not likely that an Ultra-Neptunian planet would possess greater dimen- 
sions than the planet Jupiter. This would render its apparent diameter 
about equal to that of Neptune, and its brightness to tbat of a star of 
the eleventh magnitude. The planet's motion being so alow, it would not be 
an easy object to detect, but it is not improbable that a long search with a 
good instrument over an area of ^^ by 2* would enable such a body to be 
detected if it existed. 

From the above consideration it would appear, therefore, that em 
if Prof. Forbes' planet really does exist, its detection cannot be an easy 
matter. 

On a Suspected Variation in the Position of the Earth^s Axis. — ^It baa 
been pointed out, that if from any cause the axis of rotation of the Earth does 
not coincide with the axis of figure, the former will revolve round the latter 
in a period of about 306 days. Accordingly there ought to appear a small 
variation in tlie apparent latitude of Greenwich, deduced from observation 
of the Pole-star, which would go through all its variations in about ten 
months. Professor Clerk Maxwell endeavoured to ascertain whether the 
Chreemcich Observations for the years 1851-64 gave any indication of the 
existence of such a variation, but with doubtful results. The subject has 
been lately taken up by Mr. A. Downing, of the Royal Observatory, who 
has discussed the observations of Polaris made between 1868 and 1877. He 
finds evidence of a small periodical variation with a ten months' period. 
The co-efficient of this term amounts, however, to only 0"*075 ± 0"'15. 

This would indicate that the axis of figure of the Earth revolved round 
the axis of rotation in a circle, about six feet in radius, once in ten months. 
This result is in close accordance with one derived by Professor Petew 
from a discussion of the observations made at Pulkowa. On the other hand, 
Dr. Nvrdn has arrived at values for this variation in latitude at these different 
periods, which are discordant with each other, and would indicate some 
different source as that of the variation. 

Winnecke's Comet. — In the Astronomischen Nachrichten, No. 2014, there is 
an important note by l*rof . von Oppolzer giving some of the results of his recent 
researches on the motion of Winnecke's Comet. This is a well-known comet, of 
short period, and has been carefully obt^erved during its appsarances in 1858, 
1867, and 187o. From his investigation of the perturbations in the motion of 
the comet, l*rof. von Oppolzer shows that the observations made at these 
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tlnee appearances cannot be brought into agreement unless it be assumed, (1) 
tint the mass of the phmet Jupiter must be reduced from Bessel's value 
1 -r 1048 to 1 -r 1061 ; or (2) that the comet suffers a similar retardation in 
its motion to that which Prof. Encke pointed out was indicated by the motion 
olEncke's comet. The former of these two alternatives seems out of the 
qnestion, as all recent investigation of the mass of Jupiter from the motion of 
its satellites, as well as Prof. Axel MoUer's researches on the motion of Faye's 
Gomet; and Prof. Kruger's investigation of the perturbation of the minor 
planet Themis^ agree in confirming BessePs value for the mass of Jupiter, 
Itwocild appear, therefore, that Winnecke's Comet really experiences a similar 
xetardation of its motion to that which seems to exist in the case of Encke's 
C(Hnet ; this retardation, as it is well known, by diminishing the dimensions of 
Uie orbit shortens its period of revolution. Accordingly Prof, von Oppolzer 
finds, after each appearance, a mean daily acceleration in its sidereal motion 
cf 0"*01439. This, as Prof. Oppolzer shows, corresponds to a value of the 
letardation in close agreement with that found by Encke from the motion of 
"file famous comet bearing his name. Of late years the existence of this 
lefflsting medium has been considered doubtful, for Encke*s Comet seems to 
lie the only one showing any well-defined trace of its effects. Prof. Axel 
MoHer had most carefully investigated the motion of Faye's Comet, another 
of short period, but failed to find any trace of such retardation. Prof. 
Oppolzer is of opinion that this is not surprising, as the effect of such 
ft resisting medium on Faye's Comet would be so small that its effects could 
Hot be disentangled from the effects of the unknown errors in the per- 
turbations. 

The question is one of very great interest, and it is very desirable that 
M much light as possible should be thrown on the subject. It requires a 
rigid and exhaustive investigation of the motion of all the comets of short 
period — a work of very great labour. It is probably only in this manner 
that further light can be thrown on the subject. 

The Great Southern Comety 1880. — From the further particulars which 
kftve now reached England, this comet seems to have been a bright comet of 
considerable size, and if visible, under more favourable conditions, would 
we been probably of great brilliancy. It moved in an orbit which approached 
^'Wy close to the Sun, so that the comet swept round its perihelion passage 
^th enormous velocity, and rapidly rushed off into space. It was not 
■oen until several days after perihelion passage, when its tail was observed 
• •s a bright band rising above the western horizon. The comet was moving 
tail foremost; and the nucleus could not be seen ; and even the tail, which was 
Of great length, was only visible in bright twilight. The comet grew rapidly 
ftunter, and as it receded from the Sun the nucleus could be detected as a 
tmall bright mass. Long before the end of the month, however, the comet 
had become so faint that it could no longer be observed, even with the great 
Ifelboume reflector. It is probable, that under more favourable circum- 
stances, this comet would have taken rank as one of the largest and most 
brilliant comets of the century. It never rose sufficiently above the horizon 
for even its tail to be visible in England. 

Immediately on the arrival of the observations in Europe, the calculation 
of the orbit of the comet was undertaken by astronomers, and especially by 
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Mr. Hind and Prof. Weiss. It was found to present a very great lesemblaDoe 
to the orbit of the Great Comet of 1843 : a resemblance so dose, that it seems 
almost certain that they must belong to the same body, that is, the comets 
of IM'i and IddO must be different apparitions of the same body. Hub 
woidd give it a period of 37 years. 

The great comet of 1843 was one of the most magnificent comets which 
have appeared. It suddenly made its appearance on February 28, having 
passed its perihelion passage on the previous day, and was so brilliant that it 
was distinctly visible at midday, quite close to the Sun, and could even be 
seen in broad daylight with the naked eye. It passed so close to the Sun, 
that in one day it swept over three-fourths of its entire orbit, and moved ofi 
into space with enormous velocity, carrying a great and brilliant tail as it 
went. This comet excited much attention at the time, and numerous attempts 
were made to calculate its orbit, and determine whether it had been pre- 
viously seen. The resulting orbit was uncertain, especially as to the period 
of the comet, the observations being too close together to enable its true 
period to be made out. Any period from 7 to 700 years seemed possible. 

It was suspected that this comet of 1843 might be identical with a very 
similar comet which suddenly made its appearance in March 1668, and was 
remarkable for its great and brilliant tail : its orbit seems to be almost iden- 
tical with that of 1843. Another comet which it was also thought might he 
identical with that of 1843, was the comet seen in 1689 ; the orbits closely 
resembling each other. So do the orbits of brilliant comets which became 
suddenly visible in 1695 and 1702. The very bright comet of 1618 also seems 
to have had a similar orbit, and to have been of very analogous character. 
For this reason it was suggested that perhaps all these comets were appa- 
ritions of the same body, with a period of seven years, though it seemed 
extraordinary that it should not have been visible between 1702 and 1843. 

If the period be taken at thirty-seven years, as indicated by the interval 
between 1843 and 1880, it is obvious that its prior appearances must have 
been in 1732, 1695, 1658, and 1621, which would exclude all these comets hut 
that of 1695, which both Mr. Hind and Prof. Weiss think was probably an 
apparition of this comet. It is also thought that it might possibly be the 
same comet as that seen in 1618. From the position occupied by this comet 
it is one which may easily be overlooked at any of its reappearances, and, 
as pointed out by Mr. Marth, may have a period of only eighteen and a half 
years, as it would pass its perihelion in the intermediate returns in July, and 
very easily escape detection. 

As there is a possibility of the comet having as short a period as seven 
years, it is probable that astronomers will be on the lock-out for it at the 
epoch of its next possible appearance (January 1887) vdth the view of 
detecting it. If properly looked for it might possibly be seen before its 
perihelion passage. 



BOTANY. 

Sensitiveness in the Acacia. — Mr. T. L. Phipson has communicated to the 
French Academy oi Sciencea {Coni^t. Eend.^ 24th May, 1880), some cuiion* 
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results of expei-imeDla mode on the lefifos of the c 
paadapocia). He finds that when the leares of this tree are wuU expondud. 
b bnght Bimlight, the applicntioD of from ten to twenty aaiait blows with 
the fiDger upon the terminal leaflet will cause all the leafleta of the leaf tn 
told up and go to sleep, jast as ttkej do at night. In one case the leaflets 
occnpied five minutes in closing ; in another instance tour minutes and a half. 
The leafleta cloae one after the other, commencing with those neareat the 
litrainal leaflet. Mr.Piiipson olMerred that the leaves required from two to 
three hours of eiposura tu the sun hefore thej were again fully espaiided. 



^r CHEM3STBY. 

Adion of Pho»pkoitittm Iodide on Carbon Dumlphide. — It has been noticed 
bj-HBEsJahn (Ber. Ciion. OeidU., 1880, liu., 127), that if phosphonium 
iodide and carbon disulphide be heated togethurin sealed glasa tube^ to 120° 
or 140° C, the latter ia converted, by the hydrogen liberated by the breaking- 
npof the iodide, into marsh-gaa and sulphuretted hydrogen, in accordance 
iTlh the equation : — 

CS, + HB=CHi + 2H3S, 
At the same time, however, a crjatalliiable Iwdy makes its appearance in the 
form of Ted needles, which ia, probably, a molecular compound of the disul- 
phids and the iodide ; by treatment with water it is converted into an nraof- 
phojB, white, eaaily-cbangeflble compound, which, according to tbe result of 
"liijsis, appears to have the composition C^S, P, H, 0^. By the action of 
wstar on the pure pboapbonium iodide in presence of carbon disulphide no 
8Mh compoimd is found. Its formation from the two bodies may, however, 
l* represented as taking place in tlie following manner: — 

5CS, + 6P1, + iaH,0 = CBS,P,H3 0i3 + 13HI +3Ii,S. 
"hen boiled with water in closed tubes, the compound decompoaea into car- 
'*>iiic acid, sulphuretted hydrogen, phosphorous acid and amorphous phoa- 
pborue, in accordance with the equation :— 

- CbHjP.HjO^ + GHjO-SCO, + 7 0,8 + 4HP0, + 2P, 
A* in the above compound, the atomic ratio between phosphorus and iodine 
•0 reaped to oxygen is aa 1 ; 2, the assumption may he held that at the tem- 
pwature above referred to (120° — 140° C.) the decomposition of phosphon 
'''iide takes place in accordance, with the equation : — 
2H,PI = P1,+ U, P + H,. 
_ Thentv) Elementt fmmdm Oadoliiiite awi t'i'ainari/ate. — Since the publioa- 
tton of the paper on Terbium by Marignac and Delafontaine, in March 1878, 
'MouDcementa hove appeared respecting no less than ten new earths, i 
'*ii, philippin, ytterhin, decipin, scandia, holmin, thulin, samariri, and two 
•^Bra without names. As was to be eipcted,so eitraordinary an : 
thn Qiunber of a series of bodies which are eKceedingly dilficult to separate 
^i hard to cbaracteri/e has not been allowed to pass without que 
"^atstaiae (Coir^. Jiend. 1880, ic. 221) in his investigation on the com-^OMr : 
law SEBIE8, VOL. lY.—NO. XV. 
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tion of gadolinile and samarakite, lias always laid gpneat Btrefls on the atonuc 
weighta. Aa soon as a substance shows an atomic weight higher than that 
of the other members oi the same group (for example, decipin and ytterlnn)he 
regards the existence of the new element as established. When, howeTer, 
its atomic weight comes between those of other members of the same senes 
(for example, phiKppn compared with jttria and terbia), experiments were 
continued until the chemist was convinced that the body under inyestigation 
was not a mere case of a mixture of others. In such cases a study of th6 
physical characters was of value. On these grounds the author regards as 
established the existence of ytterbium, docipium, and philippum. Of scaor 
dium, he can say nothing, as he has not met with it. Of mosandrium, he is 
firmly of opinion that it must be struck out of the list of elements. On 
samarium, Lecoq de Bobbaudran published a note, in August, 1879, and in 
the preceding February, one on another new earth in samarskite. The pro" 
portions of the latter appear to differ but slightly from those of dedpin, or a 
mixture of that oxide with terbia ; and the character of samarium, chiefly 
known by its absorption-bands, leaves the existence of that substance douht- 
ful. Marignac and Soret have shown erbin to be a mixture of several bodies; 
and this result Cleve, with the help of Thal^n, has confirmed. Cleve goes 
even further in giving names to two metals which he distinguishes by tiieir 
spectroscopic differences. The extreme red line noticed by Soret, he refers 
to thulium, and the red and green lines (X = 640 and 536) he terms holmium. 
Samarskite contains but little of the old erbia ; the spectrum of its solution 
shows it but faintly, especially the green and red absorption-bands (X = 523 
and 4Sd) ; the indigo line, on the other band (X = 462), is stronger. After 
removing the didymium, decipium, and terbium compounds, Delafontaine sub* 
mitted their formiates to fractional recrystallization : the first products gave 
49-47 per cent of base ; they were purified and again recrystalHzed, whereby 
a product rich in terbium was obtained, and in the mother liquors another 
rich in yttrium. The residue, rendered incandescent, and then converted 
into nitrates, showed the indigo band 462 strongly ; the others weaker. 
This nitrate, whether dissolved or in crystals, was completely colourless, and 
had an equivalent = 98. By fractional decomposition, and by ignition, it 
was separated into six products (A to F) : A had an equivalent = 102, the 
f ormiate had a light rose colour, and the absorptive spectrum showed the line 
of impure erbia very strongly. B to E was more strongly coloured, the nitrate 
colourless, the spectrum showed only the band in the red 640, in the green 
536, was small ; and in the indigo, 448-445, broader ; the line of pure erbia 
was reduced to a minimum. The earths, in B to E, cannot be separated into 
terbia and yttria in the usual way. The product F, the last we have to con- 
sider, gives a very weak spectrum ; and its colour, as well as its equivalent, 
was less than that of the substance in the original material. The author has 
given the name philippin to the yellow oxide differing from terbia, which 
forms the chief constituent of the oxide above referred to. Its properties 
accord with those of the X earth of Soret, and the holmin of Cleve, so that 
the latter name should fall into disuse. Philippin may be regarded as con- 
sisting of two oxides, one giving the indigo line 448-445, and the other the 
band 640 and 536; the author, however, has met with no facts which favour 
this view. The so-called euxenite of North Carolina contains even less of earths 
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■with ftTisorplive Bpectra than aamHrskite. In addition to terbift there wtt*! 
found a yellow eaith with an equivalent of alxiut 90, and without ( 
aTMorpfive Bpectnira, which, appeured to be a mixture of terliia and jttria. 

7'he Vapour Density of the llalogeiig. — The researches on thia subject J 
carried on by Victor Meyer, in association with Carl Meyer, on the diasoeite" ^ 
tion of cidorine at a red heat, have opened the field to a great nur 
reBearchep, the publication of which they withhold tiU all the difficulrias 
Incident to the inquiry have been overcome. In the meantime, Crofta has 
published in the Comptes Sendiie the results of an itiTestij^tioo carried out 
Bccocdinj5 to the method proposed by Meyer, and they agree with those of 
Meyer which had not yet been made known. This has led Victor Meyer 
to publish hia results in a series of short notices in the Kev, deul. Ckem, 
Geselhch. (1880, liii. 34). They are directed, in the first pluce, to the com- 
portment of the two other halogen? at a red heat, then to the conditiona ^ 
under which the dissociation occurs and is persistent, and finally to the o 
of it. In hia paper on chlorine Meyer pdnted out that iodine comported J 
itself tdmilarly. At 600° the density of iodine vapour corresponded exactly I 
with the formula I, ; at 800° a considerable diminution of the density wm 
obaecved, and from 1027° to 1507°, through a range of temperftture extending I 
over 500°, it was fixed and unalterable corresponding to J Ij. lodinfl diffe» 1 
from chlorine in that the decrease of density, amoimLing to ^, ia reached a 
lower temperature; chlorine only at 1200° is completely reduced to J J 
Clj, while iodine ahows the complete change at alDOut 1000°. Bromine I 
showed the aame change at 1670°, when the density fell to 3-78 and I 
8-64; the theoretical density of Br, ia 6'52, and of JBr, 3'fi4. It ther*- I 
fore follows the aame law, its density diminishing to the eitent of Jrd [ 
ita normal value at a yellowish red heat. The dissociation of chlorine I 
to molecules of the aize % Olj, which when uaacent chlorine from plattnum j 
protochloride is employed occurs at a yellow red heat, does no! 
place at the same temperature when ready-prepared chlorine is employed j 
in its place ; iodine, on the other hand, undergoes the change in either case. 
The capability of CL, and g OI3 of existing at the same temperature, which 
the foregoing statement imphes, ia analogous to that of oxygen and ozone, 
which, as regards their dissodation, comport themselves in exactly the same 
manner. It ia not a Uttle curioua, that while Seville and Trooat noticed no 
change in the density of iodine vapour at 1000°, both Meyer and Oroffa have I 
abaerved the diminution of ^rd its density at that temperature ; the former 
plac^es the iodine in a cold vessel and alowly heats it ; the latter places it at J 
$ in the highly heated apparatus. 
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GEOLOGY AND PALEONTOLOGY. 



Pre- Camirian Socks in the Svo/tisi Hiffhlaiuis. — -According to Dr. Hicka, 
n a paper commimicated to the Geological Society, the North Weatem ai 
Central Highlands of Scotland include the following districts in which the 
■ocks are wholly or in part pre-Cambrian r — 

(I) Glen Finjian, Loch Shdel to Caledortian Canal. — In the former diatnct 
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the rocks are gneifis, often maasiTe. In Glen Eirmilee is a series wUcli the 
author regards as newer and Pehidian. At Farofem are quartz rocks which 
the author identifies with those heneath the limestone in Qlen Laggan, neu 
Loch Maree, and probably of Silurian age. At Bannavie is a granite whkb 
the author considers to be Pre-Cambrian. 

(2) Fort WiUiam and Olen Nevis, — In this district chloritic schists and 
gneiss occur, which the author regards as Pebidian. 

(3) Baliachulish, Olen Coe, and Black 3foMii^.-~Chloritic sdhiste and 
quartzites occur here, followed near Loch Leven unconfonnably by Siluiian 
rocks. On the east of the Ardsheal peninsula, there is granite, which the 
author believes to be Pre-Oambrian. Going eastward from Baliachulish m 
have slates, probably of Silurian age. In Glencoe are granite-handed 
felsite, gneiss, breccia, resembling as a whole the rocks of the Welsh Arvo- 
nian group. Between the Black Mount and Loch Sullich are traces of a 
great Pre-Oambrian axis, bringing up the gndissic series; this is traceable also 
towards Glen Spean and Loch Laggan to the NJB. 

(4) Ti/ndrum to Callander, — South and east of the former are gneisses 
and silvery mica-schists. Orystalliue limestones and serpentines are associr 
ated near Loch Tay, resembling those in the Pebidian series of North 
Wales. 

Dr. Hicks states that the Silurian (and Oambrian) rocks flank the Pifr- 
Oambrian in lines from N.E. to S.W., and overlap Ben Led! on the soulh 
side. Thus here, as elsewhere, subsequent denudation has removed enormous 
masses of the more recent rocks, only here and there leaving patches of these 
in folds along depressions in the old Pre-Oambrian floor. 

Fossil Olutton in Britain. — Mr. E. T. Newton has announced, in the 
Oeoloffical Magazine for April, and in a paper read before the Geological 
Society, the occurrence in the forest bed of Mundesley, Norfolk, of a portion 
of the lower jaw of a glutton {Chdo lusciui), a carnivorous mammal now con- 
fined to high northern latitudes. The specimen shows the first true molar, 
and the hinder half of the fourth pre-molar in place, and thus furnishes all 
requisite characters for its identification. It is rather smaller than the same 
part in the recent glutton. This is the first discovery of the animal in a 
fossil state, except in caves. 

Fossil Chelonia. — Professor Seeley has announced to the Geological 
Society that after a careful examination of the specimen which Von Meyer 
described as probably representing an Edentate mammal, allied to Glyptodon, 
under the name of Psephophorus polygonuSy he found that, as surmised by 
Professor Fuchs, it was really a Chelonian allied to the Leathery Turtle 
(^Sphargis). The dermal skeleton is made up of irregularly polygonal plates 
of various sizes, closely resembling those of Sphargis, except that each plate 
ia almost twice as large as those of that form. The plates usually show a 
radiate ornament on the surface. On the underside of the slab are the re- 
mains of several vertebrae, apparently from the base of the neck, and these 
differ from the vertebrae of all known Ohelonians in having strong transvers3 
processes for the attachment of ribs. The neural arch, like the processes, 
is anchylosed to the centrum. The author considers that the dermal skeleton 
is not represented in the carapace of ordinary Chelonia, but is represented hy the 
granulations on the suiiace oi tYie ea.ta.^a.ce of the Trionychidae. He is hence 
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led to indicate three primary divimons of the Chelonisn ordei" — i 
tioclieh/idts, in wbjch the bonj carapace ia covered with symmetrical homy 
scutes, including Turtles, Emydiana and Tortoises ; 2. PeUochelyidix, in which 
the bony carapace ixaa a granular surface-structure, and is covered with an 
undivided dermis without scutes, including only the Trionychidx ; and 3. 
■the DermatocMyidm, in which the carapace is not developed, hut is func- 
tionally represented hy a hony skeleton within the skin, as in Sphargit and 
Fufphophonu. 

Bohentian Geolagy, — Mr. J. E. Marr, in a paper read before the Geolo- 
gical Society, has given the results of his investigations of the older I'aliBOzoic 
rocks of Bohemia, and thoj are of especial interest, er'pecially in regard to 
the peculiar theory of colonies put forward by the great Bohemian geologist, 
M. Barrande. Mr, Marr coiDinenced with a brief notice of the Pre- 
Camliriun rocks, which are gneisses and Bchistose limestones with intruuTs 
eclogite ; over these lie uneonformahiy green grits, ashes, brecdaa, hom- 
stonea (Stage A of Barrande), which the author considers to represent the 
Harlech Group of Wales. Etage B is unconformable with this, hut con- 
formable with 0, which contains the ' primordial ' fauna of Barrande ; D con- 
tains the colonies. E to H are >Siluriaii, and more calcareous than those 
imderlying them. The base of the group is nnconformahle with those 
beneath. The follovring are the associated igneous rocks : — Granite, Quartz- 
felaite, Porphyritfl, Mica-trap, Diabase, Diorito, Eclogite. The author made 
a comparison of the various strata with English deposits. The i're-canibrian 
series much resemble the Diametian and Pebidian of Wales, the latter being 
etageA; ^tage B, the Harlech; fitageO, thoMenevian, probably adeep-water 
deport, as is indicated by the abnormal size of the eyes of its Trilobites ; the 
lowest bed of StageDprobably represents part of tbeLinguIa Flags of Britain. 
Q R, 1, ;3 seems to represent the Tremadcjc Shale of Britain, and, like it, 
contains piaolitio iron-ore. Eepresentatives also of the Arenig and Bala beds 
are found. A slight unconformity marks the base or the Silurian. Three 
QrflptoLtic zones occur. The lowest, or Diplograptui zone, identical with the 
-Birkhill Shales, contains thirteen spwiies of Graptolitoa ; the next, or Priodon 
aone (tour speciea), fesemblee the Brathay Flags ; the upper, or Cotoma zone 
(five spacies), resembling the Upper ColdweU Beds of the Lake-district. 
Ahove these follow representatives of Wenlock, Ludlow, and probably of 
the Passage beds. The author, with the evidence of these, discussed the 
' colonies ' theory of M. Barrande, pointing to the non-intermixture of species, 
notwithstanding the irregular repetition of the zones, the non-occurrence of 
these colony-spapies in intermediate beds, and other reasons. The strati- 
graphy and palsBontology of aeveral of these colonies was discussed in detail, 
showing it to be probable Ihat their apparent intercalation with later faunas 
is due io repetition by faulling. 
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TTie Emmet CmMty Meteimte. — This curious meteorite fell near Esther- 
ville, Emmet County, Iowa, lat. 4;j° W N., long. Bi" CO' W., within that region 
of the United SlAtes which has been ramarkable for falls of meteorites, three 
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having fallen at Rochester in Indiana, Cynthiana in Kentucky, and Wll^ 
rinfi^n in Missouri^ within the space of a month. The phenomena 
attending the faU were of the usual character, but on a grander scale. It 
occurred about five in the afternoon on May 10th, 1879, with the em 
shining brightly. In some places the meteorite was plainly visible in its 
passage through the air, and looked like a baU of fire with a long train of 
vapour or cloud of fire behind it ; and one observer saw it a hundred miles 
from where it fell. Its course was from north-west to south-east. The 
sounds produced in its course are described as being ' terrible ' and ' inde- 
scribable,* at first louder than the largest artillery, followed by a rumbling 
noise as of a train of cars crossing a bridge. Two persons were within two 
or three hundred yards of the spots where the two larger masses struck the 
earth. There were distinctly two explosions : the first took place at a con- 
siderable height in the atmosphere, and several fragments were projected to 
different points over an area of four square miles, the largest going furthest 
to the east. Another explosion occurred just before reaching the ground, and 
this accounts for the small fragments found near the largest mass. The 
largest mass fell within two hundred feet of a dwelling-house, at a spot 
where there was a hole, six feet deep, filled with water. The clay at 
the bottom of the hole was excavated to a depth of eight feet before the 
meteorite was reached. Two or three days elapsed before it was reached. 
The second large mass penetrated blue clay to a depth of five feet, at a spot 
about two miles distant from the first. The third of the larger masses was 
found on the 23rd February of the present year at a place four miles from 
the first, in a dried-up slough. On digging a hole the stone was met with at a 
depth of five feet. The fragments thus far obtained weigh respectively 437, 
170, 02^, 28. lOJ, 4, and 2 pounds. The height of the meteor is calculated 
to have been forty miles, and its velocity from two to four miles per second, 
The masses are rough and knotted, like large mulberry calculi, with rounded 
protuberances projecting from the surface on every side. The black coating 
is not uniform, being most marked between the projections. These projec- 
tions have sometimes a bright metallic surface, showing them to consist of 
nodules of iron; and they also contain lumps of an olive-green mineral, 
having a distinct and easy cleavage. The greater part of the stony material 
is of a grey colour, with the green mineral irregularly disseminated through it. 
The masses vary very much in density in their different parts, the average 
cannot be less than 4*5. When a mass is broken, one is immediately struck 
with the large nodules of metal among the grey and green stony substance; 
some ot* them w^ll w^eigh 100 grammes or more. In this respect this meteorite 
is unique ; it differs entirely from the siderolites of Pallas, Atacama, &c., or 
the known meteoric stones rich in iron, for in none of them has the iron this 
nodular character. The larger nodules of iron appear to have shrunk away 
from the matrix ; an elongated fissure of from two to three millimetres some- 
times intervenes, separating the matrix and nodules to the extent of one- 
haK the circumference of the latter. The only mineral which could he 
picked out separately has an olive-green colour; it occurs in masses, from 
one half-inch to one inch in size, has an easy cleavage in one direction and 
was found to be olivine. The same mineral occurs in minute rounded con- 
cretions in other parts oi the maiW\«i\*, axi^Tmiwi^fe^^Wost colourless crystal- 
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ae particles in tlie centre are also supposed to be olivine. Troilite exists 

: small quantity. A quantity of the silicates was picked over, separated 

I far as possible from iron, and treated with hydrochloric acid. The ratio of 

luble to insoluble silicate varies very much in different parts of the 

eteorite, varying from 16 to 60 per cent for the soluble part. The insoluble 

at consisted of 

Oxygen 

Silicic acid 6412 29^12 

Iron protoxide 21*05 4*67 

Chromium oxide ..... trace 

Magnesia 24-60 9-80 

Soda with traces of K and Li . . . -09 -023 

Alumina -03 -013 

99-29 

-6 is evidently the bronzite commonly found in meteorites. 
The green mineral is the soluble part of the meteorite ; its cleavage in one 
action is very perfect, its specific gravity is 3*36, it has a hardness of 
Lost 7, and is readily and completely decomposed by hydrochloric add. On 
•lysis it was found to have the composition : 

Oxygen 
Silicic acid. ..... 41-60 22*13 

Iron protoxide . . . . . 14*21 3*12 

Magnesia ...... 44*64 17*86 

100*36 

This mineral^ therefore, is olivine. Dr. Lawrence Smith, who has 
mined this meteorite, describes a third silicate which is opalescent and of 
^ht greenish-yellow colour, and cleaves readily. It was a difficult matter 
btain enough of this silicate for analysis, but an examination of 100 mill!- 
nmes gave the following numbers : 

Silicic acid 49*60 26*12 

Iron protoxide ..... 16*78 3*60 

Magnesia 33*01 13*21 

98-39 

Fhis is equivalent to one atom of bronzite and one atom of olivine, which, 
lays, is ' A form of silicate that we might expect to find in meteorites.* 
nickel iron^ as has already been stated, is abundant, sometimes in large 
lies of from 60 to 100 grammes. It displays the Widmanstattian figures 
Ltif ully, and possesses the following composition : 

Iron 92*001 

Nickel 7*100 

Cobalt 0*690 

Copper Minute quantity 

Phosphorus ..... 0*112 

99-903 
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A careful examination for felspar and schreiberBite was made, but 
with a negative result. (Amenoan Journal of Science, June, 1880. [3] XTY. 

(Jn the Arti/kud Formation of the Diamond, — ^The second paper giying in 
detail the method employed with success by Mr. J. B. Hannay in formiiig 
diamonds artificiaUy, has recently been communicated to the Boyal Society, 
and LH d(^sen*ing of a short notice. The amount of hydrogen taken up by 
sodium was determined, and it was found that as much, as thirty-two times 
itfl volume could be removed from it after it had been allowed to act on 
paraffin spirit. The sodium was often found to contain carbon of a hard, 
scaly nature, and 'this was the reaction on which my work was built.' 
Potassium yielded less satisfactory results; lithium acted better, the carbon 
which it liberates by the action of paraffin spirit will often scratch glass 
ea-sily. For the diamond experiments the material was heated in iron tubes, 
and tube after tube exploded and all was lost. It was often found on boring 
open a tube that the interior was harder than the exterior and converted 
into steel. To meet this loss of carbon some lampblack was added to the 
contents of the tube. Iron tubes W x 2" x J" bore were used, and 
three grammes of sodium were employed, the tubes being filled from | to f 
full of pnrdffin spirit and then welded together. The tubes exploded during 
the heating, and recourse was had to tubes on the coil principle, and two 
were constructed of the toughest bar iron, made solid, and bored out afte^ 
wards. The dimensions were 20" x 2}" x J bore ; the tubes contained three 
grammes of sodium, \ gramme of lampblack, and were filled two-thirds full 
of paraffin spirit. The heat was kept up for eight hours ; both kept tight, 
and furnished a little scaly carbon ; other tubes containing lithium burst, 
and it became evident that still stronger tubes would have to be used. A 
tube measuring 2f " x 20" x \" bore was employed, and in it was placed some 
' bone oil ' (the nitrogenous distillate obtained in the manufacture of bone 
char), and charcoal powder, and the tube welded up solid. It was heated to a 
dull red-heat for fourteen hours and allowed to cool. On opening the tube 
there was a great out-rush of gas, and the carbon was to a certain extent 
dissolved and some minute portions of it were very hard. It appeared that 
bone oil had the power of hardening the carbon, and if it acted upon nascent 
carbon it might harden it so much as to produce diamond. An experiment 
was made in which bone oil and paraffin were mixed, so that when an 
alkaline metal was made to act upon it the decomposition of the hydro- 
carbon might yield carbon which could be crystalfized by the action of the 
nitrogenous liquid. The proportions taken were 90 per cent of bone oil and 
10 per cent of paraffin, with lithium as the metal. A very strong tube was 
filled and welded together and heated to a dull red heat for fourteen hours. 
When bored open a very high pressure was found inside the tube ; the 
carbon was very hard but could be crushed by agate and would not scratch 
it. The results, however, when two liquids were used, were so much more 
satisfactory, that further tubes were filled, welded and heated. A tube 
measuring 20" x 4" x ^" bore was filled with four grammes of lithium, bone 
oil 90 per cent and paraffin 10 per cent, and heated for fourteen hours. 
When opened, a large amount of gas was given off. In the end of the tube 
which had been in the upper part of the furnace there was a hard, smooth 
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miss, adhering to the sides. The tube waa cut through at this point and 
Ik hlack maa? was pulverised, when some pajta were noticed to be extremely 
lard. On clciaer exnmiuation these parts were found to be mostly trwis- 
jarent, and on triturating them, they were obtuined free from the black 
nutter. They turned out to ba crystalline carbon, exactly like diamond. 
Jiora over eighty experiments made with these tubes, Mr. Hannay obtained 
only three results of a successful nature. The diamoiid fragments were burnt 
in i current of oxygen and found to contain 97-85 per cent of carbon. It 
■ppeared in some further experiment? as if the diamond carbon contained a 
little nitrogen chemically combined with it. 

Artificial JFurtnatian of Scorodite. — A. concentrated solution of arsenic 
idd was heated with iron wire in a closed tube to 140°-160°O. The wire 
Was found, by Vemeuil and Bourgeois, to be covered in a few hours with a 
^y, apparently amorphous, material, which soon Slled the whole of the 
Itiid. This substance is a mixture of amorphous iron arseniate, and arsenious 
cid in small crystitls. When the heating ia contiuued, this material disap- 
ears gradually, and ia changfid slowly into scorodite ; while fre«h, apparently 
morphous, material is formed, and this is continued till the solution of arsenic 
cid becomes too weak to continue the reaction. This goes on for about eight 
aya. The crystals, in composition, specific gravity, density, and crystallina 
irm, agree in every respect with the natural crystals of scorodite. (Cumj/i(, 
tend. 1S80, ic. 223.) I 
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■iSftjer FSmt in the Camera lucida form the subject of a suggestion by 
<b, S. C. Douglas to the Asiatic Society of Bengal. He points out that 
astrnments of this kind are divisible into two classes, the opaque acd the 
ruisparent. To the former belong WoUarton'a and Sffiramering's ; to the 
«.tter the tinted glass reflector. The former are fatiguing, the latter liable 
o indistinctness, from double reflection at the two surfaces of the glass plate, 
tilrer films, on the other hand, are so highly reflective that two or more 
wccesaive retfectiona may be used. The thickness of the film may, moreover, 
*« moditied according to the ratio desired between reflected and transmitted 
ifitl, and the films may be applied on curved as well as on plane surfaces ' 
E^hey may also be found useful in constructing microscopic illuminators. I 

A New Action nf the Magnet on Electric OarrenU forms the subject I 
*f » communication to the Atnerican Journal of Mathematics, by E. H. Ilat]. ' 
t Was proposed to show, that if the current of electricity in a fixed conductor 
* sttraeted by a magnet, the current should be drawn to one side of the 
''fp, and, therefore, the resistance experienced should be increased To test 
tia theory, a flat spiral of German-silver wire waa enclosed between two 
■Un discs of hard rubber, and the whole placed between the poles of an 
^ro-magnet in such a position that the lines of magnetic force should pass 
'rough the spiral at right angles to the current. The wire was about 
Inillim. iu diameter, its resistance about 3 ohms. The magnet wsa 
orked by a battet7 of twenty Bunsen cells, joined four in series and five 
'reait. "The atrangth of the magnetic field was probably 15,000 or 20,000 
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times n, the horizontal intensity of the Earth's magnetism. Makii 
spiral one arm of a Wheatstone^s bridge, and using a low resistance The 
galvanometer, so adjusted as to betray a change of one-millionth 
resistance of the spiral, Mr. Hall made thirteen series of observatioDf 
of forty readings, with the magnet excited, inactive, and reversec 
cesedvely. The results were all but negative. It was not, however 
pletely shown that a magnet does not tend unsuccessfully to del 
current. To test this point, a disc or strip of metal, forming part 
electric circuit, was placed between the poles of an electro-magnet, c 
across the lines of force. The two poles of a sensitive galvanomete: 
then placed in connexion with different parts of the disc, until two 
equipoteiitial points were found. The magnet current was then turn 
and the galvanometer was observed without result. The experime] 
repeated, using gold-leaf mounted on a plate of glass or a metal stri 
decided deflection of the galvanometer was thus obtained. It was perm 
and therefore not accounted for by induction. It was reversed when the z 
was reversed ; but not by transferring the poles of the galvanometer on th 
It was just what would be expected if the current were pressed, but not i 
towards one side of the conductor. In regard to direction, if we supp( 
current a single stream, flowing from positive to negative poles, t. e, 
carbon to zinc, the phenomena indicate that two parallel currents 
same direction tend to repel each other. By the opposite suppositio 
attract. It is well known that two conductors bearing parallel cum 
the same direction, are drawn towards each other. It is early to 
whether these facts have any bearing on the absolute direction of the ci 
Quantitative determinations on the subject were also commenced, 
perhaps, allowable,* says the writer, * to speak of the action of the mag 
setting up in the strip of gold-leaf a new electromotive force, at right 
to the primary force.* 

Halts Discovery of a New Action of Magnetism on Electric Curr 
stated by Professor Rowland as follows : — Whenever a substance tra 
ting an electric current is placed in a magnetic field, besides the or 
electromotive force in the medium, we have another acting at right an 
the current, and to the magnetic lines of force. Whether there may 
also an electromotive force in the direction of the current, has not yc 
determined with accuracy ; but it has been proved, within the limits 
periment, that no electromotive force exists in the direction of the 1 
magnetic force. This electromotive force in a given mediima, is propo 
to the strength of the current and to magnetic intensity, being reversed 
either of these is reversed. It has also been found to differ in direci 
iron from that in gold or silver. In gold the effects are such as woul 
pen were the electric current to be rotated in a fixed direction with ] 
to the lines of magnetic force, to an amount depending only on the mf 
force, and not on the current. This fact seems to point to another ve 
portant case of rotation, namely, that of the plane of polarized light 
Maxwell's theory, light is an electrical phenomenon, and consists of wj 
electrical displacement, the currents of displacement being at right an 
the direction of propagation. If the action takes place in dielectrics, 
tation of the plane oi "p6V.ai"\2.a.t\cm oi\i!^\.\a ex^^aiiaftd. 
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After working out the complete theory as to light, on the assumption 
lat tbe displacement currents are rotated as well as the conducted, he finds 
te result very satisfactory. He thinks there are strong grounds for sup- 
ttang the two phenomena to be the same. 

A. new form of Siren is described by Lord Rayleigh in the Philosophical 
Wtigazine. Some years ago he observed that a light pivoted blade is set in 
rotation when exposed to wind. The phenomenon \a of the same char- 
» as the rotation of a slip of paper falling freely in air, which was dis- 
in 1854 by Professor Maxwell. In both cases, the rotation may 
in either direction, proving that its cause is not to be looked for in any 
it of synmietry. The present is an application of a principle, the ex- 
ition of which he thinks has yet to be discovered. A blade is cut out of 
brass, and provided with sharp projecting points, bearing in hollows at 
end of two set screws, adjusted till the blade can turn in a small 
len frame freely, but without shake. Pieces of cardboard, or metal, 
made to fit the blade pretty closely, so that when all are in one 
>, tbe aperture is almost closed. The blade, on turning, acts as a revolv- 
stopcock. He has made several sirens on this plan, which perform well. 
16 wind from the bellows is admitted symmetrically, they will revolve in 
» direction, and soon acquire sufficient speed to give a note of moderate 
Tbe position of maximum obstruction is, for small displacements, one 
stable equilibrium. If a larger displacement is made, the vibration tends 
'itself to increase up to a certain point, or even to pass into continuous 
i^tion ; but the precise behaviour in this respect probably depends on the 
Stalls of construction. 

In tbe same paper he also describes experiments for demonstrating — 
The Acoustical Shculow of a Circular Disk, — In Poisson's experiment, a 
(^;iit point is observed in the centre of the shadow of a circular disk, on 
bich waves of light are directly incident. To obtain the acoustic analogue 
■ this phenomenon, it is advisable to use sounds of very high pitch, which 
tre the advantage of readily exciting sensitive flames. The best results 
obtained with a squeaky toy-reed. A bird-call was blown, with a 
of four inches of water, and placed about twenty inches from a disk 
* fifteen inches diameter. The observation was made at a distance of 
Weaxty-foxa inches on the other side of the disk, and succeeded, both vdth 
itb ear and with a sensitive flame. In the former case a plate of wood, 
bred with a hole about ^in. diameter, was held against the side of the head 
fvthat the hole was opposite the ear-passage. The head was moved until 

t position of maximum soimd was determined. To verify the fact that the 
tion of maximum sound was really at the centre of the shadow, a hole 
through the centre of the disk was closed with a cork during obser- 
lon. This was afterwards removed, and then the eye could see the source 
'sound through the two holes. The most suitable flame was that from a 
lole burner, brought near to flaring-point by gas pressure of about ten 
les. In a subsequent experiment, a toy-reed was substituted for the bird- 
, and answered better with the flame than vdth the ear. 
7%e Electromotive Forces in free jets of Water have been studied by 
^dios Elster, under the guidance of Professor Quincke. He claims as 
■BSttlts:— 
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1. For E. M. F. to ariBe in a free jet, the water must be in contact wiih 
a solid body. 

2. E. M. F. is onlj evolved where the particles of fluid undergo frictiaz^ 
so that only a small part of the jet contributes to its development 

ti. When the velocity of the jet is altered, the E. M. F. is proportional 
to the vis vira of the particles. 

4. The E. M. F. varies with the nature of the bodies in contact. 
From which observations he concludes : That (a) motion of a fluid hj itself 
does not produce £. M. F. {fi) Capillary currents are conditioned solely hj 
friction of particles ; in those which do not wet the wall of the tube, hj 
friction against this ; in those which do wet it, by friction against a layer d : 
fluid condensed against the wall. (7) Capillary currents are identical w& 
the friction currents appearing in the^rubber of an electrical machine. 

The Acceleration of Gravity for Toldo, Japan, formed the subject of a 
paper read before the Physical Society by Messrs. Ayrton and Perry. They 
proceeded by the following method : — A brass ball, 2352*2 grammes in 
weight, was suspended by a long steel wire 0*45 millimetre in thickness, aoi 
in the earlier experiments 978*7 centimetres in length. The wire was sn^ 
ported from a steel knife-edge resting on a brass plate. Both the brass IxiJl 
and the bob of the seconds-pendulum of the standard clock were fitted "snA 
fine pieces of platinum wire, either of which dipped into a small cup of merciny 
when the pendulum to which it was attached was vertical. The mercuiy' f 
cups, &c., were then joined up with a battery and resistance-coik to a quicfc* 
running Morse instrument. The whole constituted what is known as a 
' break-circuit chronograph,' that is, a continuous ink-mark was made on tin 
paper run out by clockwork, broken by a very small gap each time the wi» 
attached to the bob of the seconds-pendulum passed through the mercuiy. 
These breaks, then, in the ink line indicated seconds ; if, however, hoth pen- 
dulums were simultaneously in the vertical line, no break was made. Hence 
the absence of a break in the line at the end of any special second indicated 
coincidence of the two pendulums ; and in this way the times of a large 
number of coincidences could be automatically registered. 

During this set of experiments they could not measure the long fine steel 
wire with as much accuracy as was desired, since, although they had two or 
three brass scales, the makers had omitted to record on them at what 
temperature they were correct. However, assuming that one of them was 
accurate at 0** C, then a rather large number of experiments gave, as the 
value of g, 978*8 centimetres per second as a first rough approximation. 

Subsequently they obtained from the Finance Department of Japan the 
loan of two very beautiful brass scales, by Deleuil of Paris, and guaranteed 
correct at 0° C. One was graduated in millimetres ; the other consisted of a 
brass rod, with two pieces at its ends at right angles to the rod, and the 
distance between the two planes of the inner surfaces of the pieces waa 
exactly a metre at 0** C. They had, then, the means of making a fai 
more complete series of experiments than before ; but as their trial pendulum 
was nearly ten times as long as the seconds-pendulum of their clock, the 
method of coincidences was an inconvenient one; and so they merely 
adopted the following : — The long pendulum alone controlled the * break-circuit 
chronograph ; ' so that t\ie numViet oi \st^?2is.^ m \Jaa Ivoa during any time 



SCIENTIFIC SUMMARY. 



285 



adicated the numlier of vibratioiiB of tbe long pendulum in that time. At 
lie commencement of the esperiment, after the pendulum hoA been set 
tnin^iiigi and tbe papei waa running out at a fairly uniform speed, a mark 
was made on it by tapping ebarpi; tbe armature up -with the finger when a 
ekionumeter, lying' beside tbe Morse instrument, indicated a certain time; 
■nd after an hour or ao, the paper being kept running all tbe time, a second 
mark was sharply made on tbe paper when tbe cbrononicteT indicated a 
oertain other noled time. So much paper bad theu run out in the interval 
«( time shown by tlie chronometer ; and the breaks in tbe line, counted 
<«retully ftfterwards by two independent Htudenta, gave the whole number 
of vibrations of the pendulum in that time. The fraction of a vibration 
<ouM abo, of course, be ascertained by comparing with tbe length of tbe 
jrst tine mnde after tbe first break had been produced, on tapping tbe arma^ 
tare, and repeating the same process at the end of the paper. The experi- 
meat is independent of the rate at which the paper runs out, provided, 
(tf course, it is never allowed to run so slowly that there is any difficulty 
in dislinguishing the different breaks electrically made by the long vibrating 
pendulum. Tbe mean temperature of the wire was carefully taken at each 
Siperiment. 

Tbe nest point was to measure accurately the length of tbe wire. As it 
"■as impossible to do this satisfactorily with the wire hanging up, it wa» 
l«ken down without disconnecting either the knife-edge carrying it or the 
WU at the other end. The knife-edge waa then fixed at one end of a hori- 
lontal rail, and the other end of the wire close to the baJl hung over a wheel 
*itb very little friction. By this arrangement the wire in a horizontal 
position was, of course, stretched as much as it was in tbe vertical position, 
Sa far as the efiect of the weight of the ball was concerned. A correctton 
iad, however, to be made for tbe weight of the w 
Mtused tbe tension to be a Uttle less at tbe bottom 
pendulum was hanging up vertically, A few cf 
Wire being weighed, a simple integration gave tbe small additional weight 
itecessary to be added. This being done, the final result obtained was that 
ike lei^th of the pendulum equalled 9^'00 centimetres at 0° C. ; and the 
^nsequent value of ^ in air for Tokio, Japan, calculated from the result of 
tlxiut eighty thousand vibrations of the long penduliun, would be 0S006 
s^itimetres per second per second, if tbe pendulum could be regarded a3 
I mmple mathematical pendulum, 

Cbrrerfiiyf Faelors.^l, The two most obvious corrections to apply to 
'ilia result are the corrections for infinitely small arcs, and for the air-friction 
— neither of which was found of any practical consequence, on account of 
4)e very small angle through which tbe pendulum usually swung, and that 
ifce decrement of the amplitude of tbe vibrations was imperceptible, even 
ifter many swings. Although, however, such a pendulum as they were 
tting approaches very nearly a perfect simple pendulum, there are certain 
Causes of possible error arising from its fieiibihty and alight elasticity which 
Brould not <'Sect a rigid compound pendulum. To estimate tbe practical 
iBed of these possible errors, it ia necessary to solve generally the complete 
pTjblem of a heavy ball supported by an elastic wire, one end of which is 
wldered to the ball and the other end to a steel knife-edge. When a sua- 



' itself, which, of course, 
1 than at the top when the 
of similar tine steel 



286 POPULAB SCIENCE REVIEW. 

pended ball is swinging in the arc of a circle, we know tiiat near the end of 
a swing the attachments of the ball have to resist a tendency for the ball to 
turn. For since the ball has been turned in passing from its lowest to its 
highest position, it would continue to turn were it not stopped by the wiie ] 
itself. At the end of every swing, then, there must be a slight kidi ; so that - 
in fact the ball will make minor swings about its point of attachment all the 
time of the motion. To make this kick less perceptible, we must make the 
fastening of the wire to the ball capable of resisting the tendency of the 
ball to continue its turning motion. If we do this by soldering the wire, a 
smaller kick will result, and will be due to the bending-moment of the mn 
resisting the turning action. If there were no difficulty of construction, it 
might be better to get rid of this kick difficulty by making the bob capaUe 
of rotating in the plane of swinging about an axis through its centre of 
gravity. 

2. Next, with regard to the stretching of the wire arising from varialioos 
in the centrifugal force of the ball while swinging. Since the time of a 
complete vibration of their pendulum was nearly 6 seconds and the arc about 
80 centimetres, the velocity of the middle of its path was 15'7 centimetras 
per second ; hence the pull on the vnre, which at the end of the swing wis 
equal to the weight or the wire, or 2352*2 grammes, was increased by len 
than a gramme, so that no practical extension of the wire arose from oeih 
trifugal force. 

8. Shortening of the length of the wire, due to its curvature, arising from 
the resistance of the air making it concave in the direction of motion. It is 
easy to see that the shortening of the pendulum due to this cause is ezcoi- 
sively small, and is of the same order as the lengthening arising from tbe 
centrifugal force; so that these two very small errors may be regarded M 
balancing one another. 

Also, since it may be calculated that the period of transverse vibration d 
the wire is leas than one-fortieth of the periodic time of the pendulum, thfl 
resistance of the air cannot tend to cause amplification of the lateral vibra* 
tions in the wire itself. 

It may, therefore, be assumed that the pendulum vibrated like a 
body, consisting of a ball of brass, a straight steel wire, and a triangular 
prism, of which the edge was the fixed axis. 

The steel knife-edge had a length of about 4 centimetres, a breadth d 
about 1 centimetre, and a depth of ^ a centimetre ; hence its weight was 
about 7*8 granunes, its moment of inertia about the axis of rotation 0*98 
(gramme, centimetre), and the distance of its centre of gravity from the axia 
of rotation 0*33 centimetre. The weight of the wire was 11*6 grammes, 
and its length 934*99 centimetres at 0* C. Its moment of inertia was there- 
fore 3*3803 + 10^ (granmie, centimetre), and the distance of its centre of 
gravity from the axis of rotation 467*49 centimetres. The weight of the 
brass ball was 2352*2 granmies, its moment of inertia about the axis of 
rotation 2 0744 + 10^, and the distance of its centre of gravity 939*09 centi- 
metres at 0° C. Of the whole system, then, the weight was 2371*6 grammes, 
the moment of inertia about the axis of rotation 2*0778 + 10^ (gramme, 
centimetre), and the distance of its centre of gravity 2*2144 + 10^. Con- 
sequently 
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i =■ 3-0748 aeconds ; 

centimetres per secocd pei second id air, 

S79'7i centitnelret per tecotid per tecond'va vacuo /or the Imperial 
of Engineering, Japtra — 

hiesult agreeing eitremelj closely with the number 979*7 obtained from 
Clairault's formnk. 

In beginning this eerieB of observations it was expected to find ^ to be 
freal«T than Clairault'fl formula giveH it. Clairault's formtda assumes a 
circular equator; Capt. Clarlie hB.B fonod that the equator is elliptical, one 
pitremity of its major aicia being in 15° 34' E. longitude; and therefore 
Tokio is in longitude nearar a minor axis than a major one. There maj be, 
however, a reason why g satisfles so well Clairault's formula, in spite of this 
fiieentricity of the equator. The greatest depression of the Earth's surface is 
only a few hundred miles to the east of Japan ; aad probably the diminution 
in g produced by this cause just counter-balances the increase of g produced 
liy eOipticity of the equator. As for local perturbations, it is to be remarked 
lint Tokio is situated on 8 very large plain, there being no Hilla of ajiy 
Bm^tude within eighty miles. The geodesy of Japan is of special interest 
on account of the great Pacific depression, and on account of the very gradual 
■Inpe of the earth's surface from Japan t« China, which causes Japan to be B 
•ort of ridge. 

On the Dynamo-electrv: Current is the title of a paper read before the 
fiojal Society by M. Siemens. He points out that the Gramme and Siemena 
! both subject to the drawback that an increase of external 
« causes a falliiig-off of the current, and that, on the other hand, 
diort-circuiting the outer resistance, through contact between tlie carbons o^ 
ttie lamp, much increases the eiectrio excitement of the machine, and the 
power necessary to mai ilain its motion, giving rise to rapid beating, and to 
destructive sparks in the machine itself. An observation in a paper of 
^Tieatatone's is referred to, showing that a powerful cwrent is set up in 
tie shunt-circuit of a dynamo-electric machine, which bos been since taken 
Advantage of in the Ladd and Brush machinea as a current-generator. 

The chief object of this paper is to show how machines worked on the 
shunt system can he made to give maximum results. It seems that the 
Resistance on the rotating hehx has to be greatly reduced, by increasing the 
thickness of wire employed, and that on the magnets increased more than 
teifold, by increasing the length and weight of coil-wire employed. The 
Ksuits are thus sunnnariied, — 

1. The E.M.F. increases at first rapidly with increased redatance, and 
then more slowly towards an asymptote. 

3. The current in the outer circuit is actually greater for a unit and tr- 
balf resistance than for one unit. 

3. With external resistance of one unit, about equivalent to an aro 
through which 30 to 40 Webers are pas jng, 2-44 horse-power is expended, 
of which 1'29 is useful, ^ving an efficiency of 53 per cent as compared with 
4£ per cent of the ordinary raiiclune. 

4. The maximum energy which cau be demanded from the engine 
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b 2*6 hone-power, so that only a small margin is needed to soffioe !oi 1 
greatest demand. 

5. The maximnm energy which can be injoriouflij traDgfonnei i 
heat in the machine itself b 1*3 horse-power, so tiiat th^ is no feai of d»* 
stroying insulation in the helix by excessiye heating. 

6. The approximately maximum current is habitually used, so that the 
commutator and collecting^brushes are quite capable of transmitting it 

The new machine gives steadier light, with greater economy of power, % 
less liable to derangement, and may be driven without change of speed \ty& 
smaller engine, and is free from all objection when used for elecbo* 
deposition. 

It enables the author to effect an important simplificatioii of the laof 
regulator, dispensing with all wheel and clockwork. 

A New Zinc-Carbon Battery , patented by Mr. R. Anderson, is excited 
by means of hydrochloric acid, bichromate of potash, and certain oths 
* salts.' It may be used either with or without a porous pot. It is statei 
to have an E.M.F. of 2*16 Volts, to be free from local action, fr(Hn intenal 
resLstance, and to be very constant. 

Toughened Oktu appears to be less easily penetrated by the spark of Ik 
induction coil than that of the ordinary description. Ducretet, to whoa 
the observation is due, proposes to utilize it for the production of Leyda 
jars and condensers. 

notation under the JEarth*s Magnetic Influence is found by Sig. Agostm 
to occur in a drop of mercury wh^i an electrical current is sent verticafly 
through it. If such a drop be placed on the pole of a steel magnet, to 
which one terminal of a weak battery b attached, and the other tenmul 
introduced into the drop, it also undergoes rotation. In thb maimer the 
dbtribution of magnetism in bars, and the neutral points, may be studiei 
The motion b rendered viable by strewing lycopodium on the mercury. 

A New Galvanometer has been brought before the Physical Society of 
Paris by M. Marcel Deprez. It consists of a series of soft iron needles 
suspended between the limbs of a steel horse-shoe magnet of great power. 
Parallel to these needles are wound a few coils of stout wire to conduct the 
current. It b adapted to measure currents of considerable strength. 

Influence of Heat on Tumng-forke has been measured by Rudolpli 
Konig. He finds that up to 50** or 60** C. it b practically constant. 
Thick tuning-forks are more influenced than thin ones of the same pHcb, 
showing that change of elasticity, and not change of length in the prongs, 
b the efficient cause of the alteration. The influence on forks of different 
pitch b proportional to their vibration-numbers. Generally the period is 
changed -^^ by a difference of 1* Centig. The change in pitch of the 
normal Cj = 612 vibrations per second at 20* for 1** Centig. b 0*0672 vibrar 
tion. Konig has constructed a compensated fork, which at any temperature 
gives exactly 612 vibrations. 

Variations from Mariott^s Law have for some years occupied the attenr 
tion of Mons. Amagat, who has succeeded in making exact measurements of 
the changes in volume of gases when submitted to the pressure of a column 
of mercury over one-fifth of a mile in height. He has committed tiw 
results to the Anruiks de Chemie et de Physique. The place chosen for the 



nsDt wax tlie coal-mine of Verjnlleus, near St. Etiemie. Thid is 327 
It about 408 yarda deep. The temperature at the bottom is very 
The method of experimeiitiii^ comlsta in introducing a, tube con- 
[iBJniiig pure gas, aucii as nitrogen, into the large cavity of the apparatmi, 
hwking off its point below the surface of the mercury with which the 
Oaritj is filled, and screwing the Teasel down. Steel tubing, in aeetiona of 
2 miilim , bore, is then screwed on to any required bngth, more mercury 
being forced into the reaervoir by meana of a powerful force-pump, until it 
oiounts to the top of the tube. At each increase of compression the height 
of the mercury-column is measured, and the volume of the compresaed gas 
i« read oft by means of a cathetomet^r. With nitrogen, compreasibility 
slowly increases to a maximum at 65 atmospberee, decreesii^ again tdowly 
to a normal figure at 91, then decreasing rapidly until at 4^0 atmospheres 
the Tolume ia four-fifths of that given by Marriotte'a law. Having obtained 
a nitrogen standard, other gases could be compared utote easily with this 
than examined individually. Tables up to 400 atmospheres were obtained 
for ail, oiygen, hydrogen, carbonic oside, ethylene, and majah gaa. Graphic 
representatians were prepared, the abscisaffi representing pressures in metres 
of mercury, the ordinates the difiference between tie products of the 
pressures into the volume and unity, i.e. to the variation from Mariotte's 
law. The most conapieuoua variations occur in the case of gases near lique- 
faction. Hydrogen is the only gas not exbibitiag a minimum of product of 
pressure and volume. It seema probable that other gaees, if forced to 
BfiBitme a degree of tenuity similar to that of hydrogen by means, for 
instance, of elevated temperature, would yield curves more and more reaem- 
bling those wliicb it furnishes. W. H. Stonx. 



ZOOLOGY. 
7^ Sy^ematia poaition of the Spongu. — Dr. Conrad Keller aupporta the 
notion originally put forward by Leuckart, and further developed by Hiickel, 
that the Sponges are truly Ccelenterate animals, and not Protozoa. At the 
meeting of the Swiss Society of Natural Sciences in August lost, he stated 
that at Naples, in the spring of 1879, he had the opportunity of closely 
observing the development of a siliceous sponge, which he named Chalinitla 
fertSis, that he ascertained the eiisttiuce in this sponge of separate sezee, 
and that during the period of reproduction the female presents a nuptial 
dress, her colour varying from carmine-red to blue. The ovum undergoes 
complete but irregular segmentation, resulting in the formation of a larva, 
composed at first of two, and afterwards of three lamellse. He traced the 
transformatian of this larva into a young sponge, and, according to him, it 
gave origin to a form which, with the exception of the absence of tentacles, 
agreed in all easentiala with a young polype. He conaidered that his observ- 
ations, in Uluatration of which he exhibited drawings, prove beyond doubt 
that the true position of the Sponges is among the Ccelenterata, of which he 
would make of them a third natural division {Spoagiaoa). (BM. Univ., 
December 15, 1879.) 

HEW SERIES, VOL. IV. HO. XV, 'VS 
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New CUttmJIcation of Crustacea. ~Dr. A. 8. Packard, fan,, lias i 
sketch of his new acheme of claaaification for the Cmstace*. He 
that recent reaearchea upon the emhrjology of the King Crab (X 
have shown certain moat unexpected reaemhlancea to the mode of * 
ment of the Arachnida;* hut these are also met with in certain Ci 
Shrimps whose devek>}Rnent is exceptional, so that the yiews of son 
ralists, such aa £. Van lieneden and Dohm, that the Eang Crab is nc 
Crustacean hut an Arachnid, or the next thing to it, cannot he i 
LimuhUf according to Dr. Packard, must he regarded as a genen 
synthetic type comhining with features of its own certain resembl 
the Arachnida and the normal Crustacea. In its mode of respira 
external g^, and its circulatory oigans, it is essentially a Crustacc 
it must he separated from the normal Crustacea, and form the liyio 
tentative of a suh-dass equivalent to all the other living Crustacc 
fossil Merostomata (JSurypterus, Pterygohu, &c.), are closely allied to . 
and Dr. Packard considers the Trilobites to he nearly related to tb 
stomata. For his new suh-dass he proposes the name of Pakeocarida 
its ri'jresentatives being old fossils; the normal Crustacea form his i 
Neocarida, 

Dr. Packard gives the following table to show the mode of arrai 
of the different orders of Crustacea under these two sub-classes : — 

damjication of the mb-dasses and orders of Cnistacea. 

Decapoda. 



< 

H 
GQ 



Neocabida. 



Stomapoda. 

Tetradecapoda. 

PhyQocarida. 

Branchiopoda. 

Entomostraca. 

Cirripedia. 



Paijeocabida. 



( Trilobita. 

( Merostomata (King Crabs, &i 

The Pal^ocabida show the following characters : — Appendage 
cephalothorax in the form of legs rather than jaws ; no antennae ; 
the same plane as the cephalothoracic ganglionic ring and supplyii 
to the eyes alone ; nerves to the cephalothoracic appendages sent ofi 
oesophageal ring ; nervous system ensheathed by a ventral system of 
metamorphosis slight ; sexes distinct. 

Order I. Mebostomata. — ^No distinct thoracic segments an* 
dages. {LimuluSy JEurypterus, &c.) 

Order 11. Trilobita. — ^Numerous free thoracic segments an 
appendages. (Trilobites, all extinct.) — American Naturalist, Dec. 16 

♦ We may remark upon an interesting piece of evidence in f avc 
relationship ijetween the Arachnida and Limulus, furnished by Dr. J 
researches on the embryology of the Spiders. Dr. Barrois denom 
Important stage in the development of Spiders 'the limuloid s 
emoryo at this point having a close resemblance to the King On 
Ann, and Mag, Nat, Hist., fiiL«i(^\^i^. 
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AfMsha Blattce. — Prof. Leidy brought under the notice of the Academy 
of Natural Sciences of Philadelphia the occurrence in the interior of the cock- 
roach of an amoehif orm parasite described by Prof. Biitschli under the name 
of Amaba Blatta, He found it abundantly associated with two other 
Protozoans and two parasitic worms of the genus Oxyuns, Prof. Leidy 
thought that this amoeboid parasite differed sufficiently from Amaiba to be 
placed in a distinct genus, which he names Endamceha in allusion to its 
occurrence as an internal parafete ; it differs from Amceba in the absence of a 
contractile vesicle, and conmionly also of vacuoles, and in the want of 
differentiation of endosare and ectosare ; and from Protamceha in the 
possession of a well-defined nucleus. Prof. Leidy adds : — * Endamoeba 
Bktta affords a good example of a primitive, active nucleated organic 
corpuscle, or a so-called organic cell loithout a cell-wall. In the encysted con- 
dition it would be a complete nucleated organic cell. Endamoiba may be 
recommended as a convenient illustration of a primitive form of the organic 
cell on account of its comparatively ready access.' He gives as the size of 
globular forms, 0*054 — 0*075 millim. in diameter and of elongated forms 
0075 by 00-6 millim. to 0-15 by 0*09 millim.— (iVpc. Acad, Nat Sci. Fhilad,, 
October 7, 1879.) 

A Freshwater Medusa. — A fortnight ago zoologists were startled by a 
report that a small Medusa had been found living in great abundance in a 
tank containing fresh water in the Botanic Gardens in the Regent's Park. 
The tank was that in which the Victoria regia is grown, and the water in 
^t is habitually kept at a temperature of 85-90° F, The case was par- 
ticularly remarkable, for no known example of a Medusoid organism living in 
resh water was previously known — in fact, contact with fresh water is 
reneraUy fatal to such animals — and although they may be found in the 
Souths of rivers, it is always in that part of the tideway where the water is 
Nte salt that they are met with. The little Medusa belongs to the so- 
'alled naked-eyed division of the late Prof. Forbes. The general run of the 
'Pecimens are about the size of half a pea, but some of them are said to 
attain a diameter of about half an inch. They consist of a nearly hemi- 
spherical bell, from the centre of which depends a long stomachal peduncle, 
*ftnging down some distance below the margin of the bell. The bell or 
^brella is traversed by four radiating canals, which start from the point of 
Jlsertion of the stomachal peduncle and run to the margin of the bell. From 
•hese canals the generative organs depend, forming oval sacs between the two 
tiembr^ies forming the bell. These sacs contain either ova or spermatozoids, 
10 that the animals are unisexual. The aperture of the bell, as in all naked- 
yed MedussB, is narrowed by a membrane (velum), extending inwards from 
he margin of the bell, which bears a great niunber of tentacles, four of 
(rhich are considerably larger than the rest, and correspond to the radial 
anals. The other tentacles are much more numerous. Li large specimens, 
ccording to Prof. Lankester, there are seven secondary tentacles in each 
f the spaces between two primary tentacles, while the interspaces between 
fcie secondary tentacles are occupied by groups of six tertiary tentacles. This 
ives 224 as the total number of tentacles on a fully developed specimen, 
'he otoliths are placed along the line of attachment of the velum, and are 
bout 80 in number ; the otocysts, according to Prof. Lankester, are produced 
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in the form of canak into the Telum, a pecoliaritj ^vviiich he thinlEB will neoes- 
flitate the formation of a new family or sub-order for this animal. 

The little freshwater Medusa from the Victorift tank, has been deecrihed 
by Prof. Allman and Prof. Lankester, and has the ^piestioiiable privilege of 
already possessing three names. Prof. Allman named it Idmnocodmm 
VktonOf in a paper read before the Linnean Society; Prof. Lanhester ui 
Niaturt gave it the denomination of Onupedaauia SowerhUy but changed the 
generic name to PtripUmeUaf in a communicaoon read to the Boyal Society. 
Nothing is known as to the means of its introduction into the tank in whidi 
it was found : this has been used for years for the cultivation of the Tie- 
toria Water-Lily, which Lb an annual grown from seed ; the seed used ii 
ripened in this country; and the tank is empty and dry for several months 
every year. Of course nothing is known of its life-history, except that ifc 
was observed by Mr. Sowerby feeding on Daphmm, Prof. Lankester regards 
it as belonging to Hackel's order Trachomedusss, and family Petasidn, 
and as probably most nearly allied to the genus Agkmrcptu of Fritz Miilleri 
from the coast of Brazil It is therefore probably one of those forms of 
Medusas which have no fixed polyp-Hke stage in their development. 

IVoiopistoma. — M. Yayssi^re has continued lus studies upon this curioos 
insect (see Pop, Sc, Rev,, N. S., vol. iL p. 444) which was supposed to be a 
permanent aquatic form of the Ephemeridss. He has now observed its 
metamorphosisy and describes the results as follows : — ^Towards the end of 
May, the amber-yellow colour of some of the specimens which he was 
keeping in captivity became less bright, and he could soon see through the 
skin the first lineaments of the new individuaL A few days afterwards 
(on the 3rd of June) the animals escaped from the pupal envelope in the 
same way as the ordinary EphemeridsB. In the perfect state JProsopistoma 
closely resembles the well-known genus Ccems, so that its right to enter into 
the Ephemerine family is estabHshed. Its last segment bears three rudi- 
mentary bristles, representing the natatory setss which it possesses in its 
aquatic form. (Compt, Rend,, 7th June, 1880.) 
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INFUSORIA AS PARASITES. 

By W. SAVILLE KENT, F.L.S., F.R.M.S., &c. 

[Plates VIL and Vm.J 



N irresistiWe Iiolo of fascination is ever aasociated with the 
L structural details and life-phenomena of those heings to 
om other and mostly higher represMitatives of the animal 
gdom extend shelter and protectaon, and afEord, if not direct 
tenance, free lodging and a modus vhendi. 
To the practical tuologiat such animal typea are of peculiar 
irest, since such an acquired and artificial phase of existence 
Host often correlated with structural modifications of the 
it abnormal order, and which in themselves testify volimies 
o the capacity and tendency of organic forms to adapt them- 
'es to surrounding conditions, and, losing all trace of their 
-existing distinctive features, to deveJope into something 
erent, or into what, for convenience sake in zoologic ter- 
lology, is denominated a new or independent ' species. Such 
us, again, recommend themselves to the evolutionist as the 
st products of Nature's cnicihle; since, many of them 
ag the satellites of the highest and most recently developed 
anic types, they mnst, pari paam, have acquired their own 
ical characteristics still more recently. 
So far, the examples of parasitic existence with which the 
dent of zoology is most iiitioiately conversant, are found 
hin the precincts of the Arthropodous and Vermiform suh- 
ieions of the invertebrate sub-kingdom. Among the groups 
types, which may be suitably cited in this connection, may he 
ntioned more especially the innumerable Entozoic and Ecto- 
C Worms, comprehended within the several orders of the 
anatoda, Cestoidea, Nematoda and Acanthocephala ; also the 
fograde and singular Crustacean forms, represented by the 
'parasitic Lomaiidaa and other Epizoa, and vncludiivo aVm, ^ 
" relatives of the Barnacles and Acorn- ahelia, ot CSiti^' 
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those most oddly metamorphosed types, PeUogaater and &zcetf Jmo. 
The hosts of species that are referable to the parasitic category 
from among the ranks of the insect world are too innumerable, 
and, in many instances, too familiar, to need quotation ; even 
the comparatively small class of the Arachnida famishes its 
quota towards the augmentation of the present list, as instanced 
by such types as the Peniastartium^ Demodex, and the abundant 
representatives of the Tick family, or Ixodi^. 

The object of the writer of this article is not, however, to 
descant at length upon the attractio4s presented by the mem- 
bers of the above-named highly-ormnized Metazoic groups, 
but to direct attention to an assemblage of organisms that 
exhibit parallel ecto- and endo-parasitic life-habits, and in 
many instances, precisely analogous, adaptive modifications witli 
reference to their respective modes of existence, but whicli 
hitherto, on account chiefly of their exceedingly minute size, 
have received but scant notica All the representatives of the 

Smp in view are, in point of fact, microscopic organisms, 
onging to that subdivision of the Protozoic sub-^igdom, 
known as the Infusoria, for whose correct comprehension, and 
for a knowledge indeed of the very fact of their existence, we 
are dependent upon the assistance and revelations of the com- 
pound microscope. 

Before entering upon a survey of the very considerable 
series of Infusorial forms that are associated with some one or 
other of the many varied phases of parasitic growth, it is 
desirable, perhaps, to briefly indicate the broader lines of 
demarcation by which this assemblage of organisms is to be dis- 
tinguished from all collateral zoological groups, and also the 
more important secondary subdivisions, or orders, into which 
the Infusoria as a whole may be most naturally and conveniently 
subdivided. The Infusoria, as now most generally conceded, are 
to be regarded as unicellular animals, possessing individually the 
morphological value only of a simple histologic cell, having, 
in the majority of instances, a distinct cell-wall and en- 
closed nucleus, and multiplying abundantly by a simple pro- 
cess of binary subdivision. As here recognized, all infusorial 
forms possess, in addition to the foregoing essential cha- 
racteristics, locomotive appendages which take the form of cilia, 
flagella, or prehensile, and mostly suctorial, tentacles. With 
but rare exceptions, the Infusoria manifest the capacity of in- 
gesting solid food- substances, either by a distinct mouth, by many 
mouths, or through the general surface of the body; even yet 
more invariably, they possess one or more definitely Ibcated, 
rhythmically expanding and contracting spaces, serving as 
excretory organs, and to which the title of contractile vesicles 
18 most usually applied, ^axioua oXiti'et ^'evyomseaa. T^ertaining 
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the structural and reproductive phenomena of the Infusorial 
'ganism might be cited, but those already given suffice for 
dsting esigenciea. 

Proceeding to an enumeration of those representatives of the 
ifaaorial series which fall within the legitimate scope of this 
■tide, the term Parasite, as here employed, at once confronts 
i and demands a brief exposition of its significance. But a 
!W years since, this term comprehended every organism that 
as, under any form, found associated with, or attached to, 
ime other specific type. Credit is due, however, to the Belgian 
iologists, Paul and Edouard Van Beneden, for having pointed 
it that there is a very large assemblage of animals usually 
^mprehendcd under this collective term of Parasites, that in 

way live at the expense of the animal organisms, generally 

1 higher rank, with which they are found associated, but are 
eholden to them only for free lodgings, providing their own 
irder, or, at the most, contenting themselves with the crumbs 
bat fall from their comrades' table. For animals which main- 
ain towards their selected host so purely amicable a relation- 
hip the title of 'Parasite,' implying an organism that lives 
pon or at the expense of another, has no true significance, and, 
ecomizing the desirability of the introduction of a title that 
hoaid more precisely indicate this peculiar relationship, the 
uthors quoted have bestowed upon them the distinctive one of 
Commensals.' Familiar examples of ' Commensalism,' as dis- 
mct from ' Parasitism ' in its true and restricted sense, are 
ibrded by such forms as the well-known, so-called Parasitic 
'ea-anemonea, Sagartia pamnitica and Aduiima pnlliata, found 
ttached to the shells of Gasteropodous Mollusca inhabited 
y Hermit crabs ; and with which last-named Arthropods they 
re reported to cultivate so intimate an acquaintance as to se- 
we their own transfer at the hands of their host to the next 
Wvenient abode which its constantly increasing bulk obliges it 
' occupy. 

The extensive tribe of the Cirripedia, including the 
arnaclea and Acom-shells, yield also an extensive aeries of 
^■inmensals ; certain of them, such as the genera Tubicinella 
id Coronula, are respectively only found attached to, or deeply 
imersed within, the epidermis of various Cetacca ; while an- 
her form, Pyrgonia, takes up its abode within the midst of the 
lyparies of reef-huilding corals, and is met with under no 
her conditions. These, and innumerable other species ordi- 
-rily denominated parasitic tj-pes, in no way prey upon the 
tal or nutrient juices of their elected host, aft-er the manner 

true Parasites, but, at the outside, simply lake ' pot-luck' and 
small share of the good things consumed by the latter. Quite 

freguenU/ indeed they cater for themaei^ea mie^'oi.eiaSt^ 
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accepting only free lodging, and it may be the means of traiLBiY, 
at the hands of their oo-sociates. 

It is proposed in the present instance to direct attention 
only to the consideration oi the innumerable forms of InfoBoria 
which are referable to the category of * Parasites' in the strictest 
and simplest sense, postponing, possibly, to a fature occasion 
an account of those tnat lead a commensal life. It will be found 
most convenient to examine these parasitic types in assodatioii 
successively with the three primary classes of the Fkgellata, 
Ciliata, and Tentaculifera, commencmg with the first-nanied or 
lowest in the organic scale. 

The Flagellata, but recently recognized as forming a clearly 
delimited and natural group of the Infusoria, are found to ex* 
hibit several very important modifications with relation more 
especially to their oral or inceptive systems and the character 
of their locomotive appendages, these furnishing indeed the 
basis upon which the present writer has establish^ the various^ 
and mostly newly introduced, orders of the class, embodied in- 
a treatise devoted to an account of all known Infusorial 
organisms, now in course of publication.* The lowermost tend, 
in this series, as represented by the order of the Trypano- 
somata, is remarkable for containing two species only, Trypano^ 
80ffM sanguinis and T. Eberthi, both notable for their essentially 
parasitic habits. The first of these, as represented in PL VII. 
Figs. 1 and 2, occurs abundantly in the blood of Frogs and other 
Amphibia; whilst the second, PL VII. Fig. 3-6, has beerx 
obtained as a parasite of the intestinal viscera of ducks ancl 
geese. High interest is attached to both of these, inasmuch aB 
they represent the Flagelliferous series of the Infusoria in its 
most rudimentary condition. In neither instance is a flageUurd- 
distinctly developed, but in T, sanguinis one extremity is producei 
in a tag-like manner, and by the movements of this, combinei 
with the imdulations of the thinner lateral margin of its com- 
pressed body, it makes rapid progress through the fluid medimrx 
it inhabits. In T. Eberthi there is no tag-like anterioJ^ 
prolongation, the lateral margin being, however, developed aB 
a still more conspicuous imdulating, frill-like border. It is 
a remarkable fact that the contour of this last-named typ^ 
corresponds to a very considerable extent with that exhibited- 
by the spermatozoa of certain Amphibia, and more especially 
with those of Bomhinator igneus, as originally figured by 
Leuckart and Siebold. This circumstance not unnaturally 
leaves grounds for some slight shadow of doubt as to whether 
this reputed species can be justly regarded as an independent 
form, or whether it does not represent the spermatic elements 

♦ A Manual of the Infu%ona, by W. SaviUe Kent, F.L.S., F.B.M.S. 
F&Ttl. October, 1B80. DaTaeL^\ife,^^\..^'M^Gfli^V^sMjfc, 
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of Amphibia wliicli Lave been devoured by tbe water bird, and | 
temporarily retained tbeir vitality within it« viscera. Pre- | 
mising, however, that the ftosition of Trypanoioma Eberthi as a j 
iadependent organism is established, yet another problem ol j 
interest presents itself ; for until the entire life-histories of both ' 
this and T, sant^uink have been investigated, the possibility 
feiDains that the type found in the viscera of ducks and geese 
may represent an advanced phase only of the one inhabiting 
'te "blood of the Amphibia, or vice versa. A parallel association 
H'itli two separate hosts is of common occurrence among the . 
■epresentatives of the Cestoidea and other endoparaaitic worms. 1 
Ii"rom among the group of the typical Infusoria-Flagellata, J 
nmerous illustrations of true parasitic existence may be cited. I 
'ie genus Merpomonns, as recently instituted by the present I 
'riter, embodies two specific forms, H. museiB-domesticfe and 1 
r. JjeiHsi, distinguished, as in the case of Trypanosoma, by 
leir dependence on other and more highly organized animal 
fp»es for their means of existence. Both of these species 
3ri*«8pond with each other in the possesaion of an attenuate 
nd highly flexible vermicular body, which is provided at one 
xtremity with a single long locomotive flagellum. The species 
irst. named, Herpmiionax nuisca-domesiiciv (PL VII, figs. 6-8), 
fas originally referred by Burnet to the genus Bodo, and, as . 
ts specific name imphes, occurs as a parasite within the 
ntestinal tract of the common House-fly, not unfrequently, 
ind.er such conditions, being present in such vast numbers as 
to almost completely fill this passage. Herpomonas Letcisi 
(PI. Til. figs. 9 and 10) is encountered under distinct and highly 
remarkable conditions. For the first, and so far only extant record 
of tbis species, we are indebted to Mr. H.G. Lewis, who discovered 
the animals as parasites of the blood in apparently entirely 
healthy Indian rats in the year 1877, and figured and described 
them, without any name, in the Quarterly Microscopical Jmrttal, 
^^ simple flagellate organisms inhabiting the vital fluids of the 
above-named rodents. The specific name here associated with 
inis type has been recently conferred upon it by the present 
"^iter in honour of its discoverer. As examined by Mr. Lewis, 
The bodies of these animalcules were found to be lughly plastic 
?'' * metabolic,' exhibiting every variety of contour, and, except- 
"*& for this circumstance, corresponding to a considerable 
^stent with the Ophidomonm jenensvt of Ehrenberg. No oral 
^PXiaratus, endoplast, or other difierentiated sfi'uctures, have so 
**■ been observed. It was ascertained that the rats infested by 
"^^se flagellate parasites possessed an entirely local distribution, 
J^nanting a restricted portion only of the premises on which 
'•*ey were discovered, A minute flagellate type presenting « 
^otitour closely corresponding -with ttat oi Herpomoma, ' 
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having a rigid acicular body, lias been recently diBcoyered by 
O. Butschli within the intestine of the Nematoia wonn, TrilobM 
gracilis, A social group of this species, bearing the accompanymg 
title of Rhaphimonas ButschUy is represented m PL YIL fig. 12. 

Among the simpler forms of the Flagellata that are notable 
for their parasitic mode of existence, a prominent position must 
be allottea to the numerous representatiyes of the genus Baio. 
Hitherto made to include a yery heterogeneous assemblage of 
flagellate types, this generic group, as recognized by the 
present writer, comprises only those species which, while 
agreeing with Cercomonaa in the possession of two flagella, 
the one anteriorly and the other posteriorly inserted, dif- 
fer, independently of their separate habitats, in the cir- 
cumstance, that the posterior flagellum is adhesive, and 
utilized for the purpose of anchoring the animalcule to the 
surface of contiguous objects ; while in Cercomonas this 
appendage is non-adhesive and simply trailing. Under the 
conditions above named, the endoparasitic Bodos are mostly 
found adhering in more or less considerable social groups to 
the intestinal walls of their respective hosts, but are at the 
same time readily detached, and accommodate themselves for 
awhile to a natatory existence. Familiar examples of this 
ffenus are afforded by the Bodo ranarum of Ehrenberg, in- 
habiting the intestines of the common Frog ; and by B. helveis, B, 
julidis, and B, meloloidhie^ of Prof. Leidy, originally referred 
to the genus Cercornonas, and inhabiting respectively the 
alimentary tract of an American garden-snail, centipede, 
and cockchafer. Two forms, Bodo hominia of Davaine, and 
jB. urinarim of Hunter, attach themselves to the human 
subject ; while the B. lymnm of Stiebel is similarly entertained 
by the common pond-snail. An illustration of a typical 
representative of the genus BodOy B. intestinalis^ will be found 
at PI. VII. fig. 13. 

No apparently mouthless forms possessing two anteriorly 
inserted vibratile flagella only, and thus referable to the 
Dimastigous section of the Flagellata- Pan tostomata, have 
as yet been recorded as leading an exclusively endoparasitic 
existence. That division of the same section, however, which 
is distinguished by the possession of more than two flagellif erous 
appendages, and which may thus be conveniently distinguished 
by the title of the Pantostomata-Poljrmastiga comprises several 
highly noteworthy forms. First among these may be men- 
tioned the several remarkable species for which Dujardin 
instituted the generic title of TrichomonaSy and which were 
originally described by that investigator as possessing, in 
addition to two or three flagella, a more or less conspicuously 
developed fringe oi vibxatile eSia.. It baa been recently shown by 
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11, in connexion ^thTricliomimns bntrachorum, which inhabits, 
□onimon with mtuiy other infusorial types, the alimentary 
als of froga and toads, that what waa previously reported 
te a supplementary fringe of cilia is actually a delicate 
"1-like undulating membrane, corresponding closely with 
t possessed by Trypanosoma Ebfrthi, and aesistmg, in 
ajunction with the three or four flageUa, in the locomotive 
Bction. An illustration of this species, as recently delineated 
Stein, is reproduced in PI. VII. fig. 17, Two other species 
the same genus. Trichomonas vaginnlis and T. Imiacts, are 
ociated respectively with the human subject and the garden 
ig, A second endoparasitic Polymastigous form, in which the 
gellate appendages are no less than six in number, four 
ng inserted at the anterior and two at the posterior 
Temity of the body, is represented by the genus Sexamita, 
tituted, in common with Trichomonas, by Dujardin, and 
"■""'-"'ng in like manner three or four weU-difEerentiated 
The typical representative of this genus, Hexamtia 
estinalis (PI, vll. figs. 18-20), occurs abundantly in that 
olific hunting-ground for parasitic organisms, the rectum 
i intestine of the frog, Rana temporaria, and has recently, in 
ociation with examples of this Batrachiau dissected at the 
Bth Kensington Biological Laboratory, been the object of 
reatigation by the present writer. As a result of this 
restigation, one or two points of interest concerning the 
wrtment of these singular animalcules in the fluid medium 
y inhabit were placed on record. While usually described 
essentially free-swimming organisms, it has been ascertained 
the writer that they possess the faculty also of attaching 
jmselves at will to associated objects, and of passing a 
nporarily sedentary existence. When first transferred to the 
Id of the microscope, no such property is exhibited, the little 
latures hurrying hither and thither in the most aimless and 
sited maimer. Gradually, however, their movements grow 
e tranquil, till at length scarcely an animalcule is to be 
I exhibiting its natatory capacities, all with rare excep- 
_s having attached themselves to the organic debris or other 
[table fulcra, through the medium of their two trailing 
sterior flagella, which possess a marked adhesive function, 
metimes, the entire lengths of these filiform appendages are 
lized as organs of adherence, and sometimes only their' 
ital extremities. Under these last-named conditions, ■^ 
:lily remarkable modification of the movements of tl 
malcule has been observed. Where the adhesion 
ected by the entire length of the flageUa, the motion of 
B body is simply oscillatory, the four anterior flagella being 
jjloyed and agitated without apparently any definite jlaa of 
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action. When, however, adherence is acoomplished througb 
the medium only of the terminations of the flAgella, the body 
g}Tates rapidly, and with rhjihmical cadence, from right to lert 
and left to right, such action causing, as shown in PL YII. 
fig. 18, the adherent ilagella to become twisted on each other,, 
while the four anterior ones describe elegant undulatiom 
round the animalcule's body. It would seem highly probabb 
that the form described by Prof. Leidy under the title c£ 
Trichonympha agiiisy found within the intestine of the Americai 
White Ant, TrrnwH flaricans, and likened by the discoverer to 
the performers in an American ballet, whose chief attin 
consiHtcd of long cords suspended from their shoulderS) 
whirled in mazy undulations around them as they danced, 
roj)re8ented a species of Ilexamitn observed under the conditioni 
just described. Phenomena precisely identical with those jnat 
recorded of Hexamita intcstina/is have been foimd by the write 
to obtain also in the non-parasitic and marsh-dweUing species^ 
JL itfflafa. 

One more Polymastigous Flagellate form has to be included! 
in the list of endoparasitic speciea This type, described tfi 
Prof. Stein under the name of Lophomonas blattarum (PI. YI1.J 
figs. 14 and 15), is found within the intestine of the coi 
cockroach {Blatfa onentalis), and is distinguished for its 
session of a pliune-like tuft of long vibratile flagella, which 
produced from the anterior extremity of its otherwise nakfld] 
and sub-ovate monadiforra body. The chief interest attachiuj 
to this infusorium is connected with the fact, that among a! 
other Flagella ta (as so far known), it presents the nejuratj 
approach to the remarkable pelagic tj^e upon which Proij 
Iliickel has recently conferred the name of Magosphcera phm 
and which in its most characteristic adult state consists 
free-swimming spheroidal colony-stocks of animalcules, wioje] 
anterior borders are densely clothed with long flagella, much 
the manner of LophomonaSy but whose aggregate mode of devdc 
ment is comparable to that of Syncrypta or Uroglena. A 
species, or well-marked variety of Lophomonas, having a mc 
elongate and spirally striate body, has been recently descril 
by O. Biitschli under the name of L. striata. 

No animalcule referable to the Eustomatous section 
the Flagellata can as yet be included among the stric 
parasitic species, the only type remaining to be notic 
before arriving at the Ciliate division of the present orj^ 
series being the species somewhat imperfectly described 
Dr. J. H. Salisbury under the name oiAsthmatos cilia risy delinc 
in PI. VII. fig. 16. This infusorial form, possessing locomc 
appendages of two orders, consisting of an anterior tuft 
vibratile cilia, from, tla^ centre of which is produced a 
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orminal fiagellum, may be conveTiiently relegated to the order ] 
■i the Cilio-Flagellata, and is notiible for its association with I 
be human subject. Unlike the various forms so far enu- 
inTuted, it is not, however, an inhabitant of the intestinal . 

isperaof its selected host, but attaches itseK to the passages \ 
>ertuining to tlie respiratory system, being, according to its | 
Li-^eoverer, an active agent in the production of one form of 
Le infection known as 'Hay'asthma' or ' Hay-fever.' The I 
jiuta, and mucous matter discharged frara the throat and 
lii^iil passages of patients suffering from this ailmeiit, wei-e in 
■TtTy instance found to contain living examples of this 
. iiiiualcule, while thej' were entirely absent in the instances 
^ll(!^e the health was not so affected. The inhalation of 
Lilute carbolic acid, or quinine, together with the direct 
i]il4ication of the first-named medium, was foimd to yield 
■luiiediate relief, and after a few days' perseverance in 
*^ application, to eifect a complete and permanent cure. 
^ iiiicroscopic exa.mination of the raucous discharge after 
•le application of eilhcr of the above-named remedies revealed 
''e jjrefience of ihe animalciJes in a dead state only, thus 
''ording additional evidence of their intimate connection with 
".■ irritation diagnostic of this somewhat remarkable ailment. 

bile it would seem certain that the organism now nnder 

scussion represented the active principle in the cases 

Vestigated by Dr. Salisbury, it would not aeera to apply 

all instances. A form of Bnctcria has been reported 

^xert a similar influence, its growth and irritating pre- 
tties being checked by like remedies ; while with many 
Utititiitions all the distressing sj-mptoms of hay-fever are 
l:iarently produced through tbe mere contact of grasa-pollen 

th the mucous membrane of the nasal passages. 

Proceeding to an enumeration of the very considerable 
miber of types belonging to the Ciliate section of the Infu- 
t-ia that are characterized by their parasitic habits, the first 
-^ by far the most important place has to be allotted to the 
mily group distinguished by the title of the OpalinidK, eveiy 
(Drosentative of which is, without exception, endoparasitic in 
« oe member or another of the vertebrate or invertebrate divi- 

>ns! of the animal kingdom. This essential and invariable 

•ioparasitic mode of existence, combined with the cireum- 
auM that all the numerous generic and specific types are 
^Bp^ished by the entire absence of an oral aperture or of 
^Hftpacity of in any way ingesting solid food particles, has 
^BfDced many biologists to regard the Opalinida; as a group j 
^^Bsanisms entirely distinct from all the four orders of 
^HliUata as now recognized, and by some, oven, as an in- 
^Kdent animal group, having no affinity with the Infusoriik, 
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but exhibiting a closer relationship to the Scolecida and other 
mouthless endoparasitic worms. As now more familiarly known 
there can, however, be but little doubt that these animalcoleB 
must be regarded as specially modified and retrograde rqne- 
sentatives of the ordinary Holotrichous Ciliat^, which, by long 
exposure to an endoparasitic mode of existence, have in a 
parallel manner lost all trace of an oral system, and developel 
a capacity of absorbing the nutritious and protein-laden flni^ 
in which they are constantly immersed, through the genenl 
surface of their cuticle. As originally instituted, the group ci 
the Opalinida) included only the single representative geniM 
Opalina ; recent research has, however, so extended the numbef 
of known species that it has been found convenient to eepanti 
them into four generic groups, each distinguishable by well- 
marked and highly characteristic structural modifications. la 
the simplest integer of this series, for which alone the origiml 
generic name of Opalina is now retained, structural difEerentii- 
tion is so rudimentary or obscure that its members were for 
long while reported as being entirely devoid even of those two 
elementary histologic elements which, with scarcely an excep- 
tion, are distinctly recognizable in every other known memte 
of the infusorial world, and represented by the endoplast,* 
nucleus, and rhythmically expanding and contracting 
known as contractile vesicles. That these simple Opalina 
devoid of the structure last referred to has been confirmed If j 
the latest and most exhaustive investigations ; the same re-j 
searches, as conducted by Engelmann and Ernst Zeller, 
however, revealed the fact that endoplasts, or nuclei, are 
only invariably represented, but in many species occur in 
adult individual zooid as innumerable very minute sphere 
bodies distributed at short intervals throughout the entire 
stance of the cortex, the animalcules in such cases, like 
few other Infusoria and the Foraminifera, being essentii 
multinucleate. By some, it is held that this multinucli 
structure of the Opalince militates substantially against 
acceptance as unicellular organisms, and indicates 
closer affinity to the multicellular or metazoic animal 
Neither here, however, nor in any other of the multinucl 
representatives of the sub-kingdom Protozoa, is the sligh 
trace exhibited of a tendency of the body protoplasm to 
subdivided into subordinate or cellular areas, as is essential tl 
the composition of the metazoic body. It is nevertheless 
dent, that, in all these multinucleate forms a first step is 
towards an acquirement of this higher metazoic organizai 
and that, it is in association with such abnormal types that 
transition from one to the other of these two primary zoolo; 
groups is, ii an.yNv\ieTe, to \i^ «vi<i^<b^%^b3J^ ^M^lit, It is 
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nteresting circumstance in connection with the life-hisf oiy of the | 
nultinucleate species of the genua 0/j«A'h[7, here referred to, that , 
tey commencQ existence %pith the possession of only a single 
mdoplast or nucleus, and, after arriving at the full size or multi- 
lacleate condition, hecome Buhdivided by repeated fission into 
unaller and smaller fragments that possess finally only a single 
Hidoplaatic element, each such ultimate fragment, after encyst- 
joent and a more or less prolonged quiescent state, repeating 
die developmental cycle. The several species of Opaliim proper 
>CGur invariably as endoparasites of the intestinal viscera of the 
jailed and tailless Amphibia ; the most familiar type, as illus- 
(rated by Opa/ina ranarum (PI, VII. figs. 21-25), being an almost 
sonstant guest of the common Frog (liana temporaria). 

The second generic group of the Opalinidoc, upon which 
Prof, Stein has conferred the title of Aiiop!ophri/a,— occurring , 
abundantly as endoparasites of marine and fresh-water worms, 
molluscs, and other invertebraf a, — exhibits a marked advance in 
::oiuplexity upon the one last described, there being in addition 
to a conspicuously developed endoplaat, which mostly takes a 
bond-like form, and is produced centrally through the entire 
length of the body, an equally distinct contractile vesicular 
aystem. Such system, moreover, is not represented, as in the 
majority of the Infusoria, by a single rhythmically contractile 
space, but by a number of such spaces, which are generally dis- 
I 'ibntod in a single, or it may be a double, chain-like series, down 
-"iQ or both of the lateral borders. It is this monadiform modi- 
ication of the disposition of the structures in question that 
Kiubtless leads to that lineal and canal-like development of this 
tructure that is met with in certain other types, and which, 
Ddeed, by artificial pressure, ma\' be produced in the forma 
ow under consideration. A highly interesting circumstance, 
fertaining to the development phenomena of certain roprestnta- 
'Vea of the genus Anoplophrya, is connected with the peculiar 
»wlification of the ordinary process of binary subdivision. In 
lOBt instances, it happens ttiat the animalcule so subdividing, | 
Bcomes separated, either transversely or longitudinallv, into 
W-o equal or sub-equal moieties. Here, however, it more often ■ 
Appens that a small and altogether unequal fragment becomes 
Srparated from the post-erior extremity ; while in occaiional 
ietances, such aa Anoplophrya prolifera (PI. VII. fig. 27), an 
ndoparasite of a marine Planarian, a number of small frag- 
mentary portions are developed simultaneously in the posterior 
Bgion of the same zooid, and become separated off in consccu- 
Ive order. As already recognized by various biologists, this 
^productive phenomenon accords in a moat remarkable manner 
i^ith wliat obtaina among the Tseniads and other Cestoid worms, 

their so-called 'prog'Iottid ' reproductive ig\i&Be. Taa x.-**! \ 
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remaining genera of the Opalinidae, Discophrya and Hoplitophrya 
yield yet additional structural modifications^ suggestive of tlu 
affinities last cited. In the first of these, an adhesive organ 
analogous to that exhibited by numbers of Cestoid and othej 
endoparasitic worms, taking the form of a sucker or acetabuli 
is developed at the anterior extremity ; while in Hoplitophrya, 
more or less complex series of homy booklets is developed in tl 
same region. Tbese booklets, as represented in HopUtopk 
armata (PL VTI. fig. 26), a parasite of the Earthworm, at one 
recall to mind the structures having a like form and consistei 
common to a veiy considerable number of parasitic worms, 
which are utilized by them in a corresponding manner 
securing a firm hold upon the intestinal wall of their chosen k 

The animalcules referable to the Ciliate order of the Infusoi 
next to be mentioned, are distinguished for their ectoparasit 
habits. Among these, the genus Conchophthiru^, represented 
three known specific types, is found associated with the muc 
body-slime of various MoUusca. Conchophthiru^ anodonta 
thus, as its name implies, an ecto-parasite of the 
water Mussel ; while (7. Steenstrupii (PL VIII. figs. 8 and 
is similarly attached to the Garden-Snail, Helix hortt 
A yet more remarkable, and in this instance, highly instruct 
infusorial form, is encountered in the tj^pe described 
M. Fouquet, under the title of Icthyophthirim multijilis. 
species (PL VIII. figs. 1-5) attaches itself to young troi 
excavating more or less extensive depressions in the ci 
cular surface, and there multiplying to such an extent as 
induce a morbid condition, and, unless checked in 
fatal results. The fish-hatching establishment in Fi 
recently suffered very severely through the attacks of 
microscopic parasite. A remarkable fact is connected 
the reproductive phenomena of this species ; it is one 
the very few ciliate Infusoria that are propagated by the 
di\'ision of its mass into a considerable number of minute spoi 
like elements. While rare among the Ciliate class of 
Infusoria, the sponiloid mode of reproduction is of comma 
and almost universal, occurrence among the comparatively loi 
organized Flagellata. 

Arriving at the order of Heterotricha, distinguished 
their possession of a conspicuous series of larger adoral cil 
in addition to the finer ones which clothe the entire si 
the three genera, Balantidium, Nyctothenm, and Plagioi 
are specially notable for their parasitic habits. Three out! 
five of the known species of the first-named genus occur in 
pany with the Opalinidae as endoparasites of the frogs 
toads. One species, however, Balantidiam coli (PL VIII. fig.H 
has been obtained ixotn. tVe ccAoti oi ^^V^5H>as^.^\v]b\ect ; 
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he fifth form, B. mednearum, is described by Mereschboivsky as 
aldiig up its residence within the alimentary and radial canals 
(f various small Medusa;, Encope and Bougaiiirillm, obtained 
from the White Sea. Amon^ the Heterotrichous genera just 
biumerated, the highest physiological interest is undoubtedly 
ached to that of Nydotherus. Its several representatives 
kfaabit, as endoparasitea, the intestinal viscera of various 
Mts and myriopods, or in the case of iV. coi-diformis 
I Progs and Toads. All are remarkable for a structural 
' iiliarity which distinguishes ihem in a marked manner 
, all other known infusorial forms, such peculiarity con- 
ing in their possession of a distinctly prolonged anal 
fessage, which, produced frora the posterior region towards 
i!^i' centre of the body, leaves but a little interspace between 
ii tei-mination and that of the conspicuously ciliated oeso- 
f'iiageal passage produced inwards from the opposite or 
Interior extremity. But a slight prolongation of these two 
bibea is required to effect their junction, when, 'a complete 
llimentary tract in its most rudimentary form, as possessed by 
h,e Prootuchous Turbellarians, and other lower Metazoa, would 
le represented. Examples of th^ genua, as represented by 
'Vyctofherus velox and N. Gyoeryamta, are delineated in PI. VJII. 
l^. 6 and 7. It is a remarkable fact that this most highly 
k-ganized infusorial type should be found side by side with 
he Opalinidse, in which the alimentary system is present in 
bs moat rudimentary form, being, in point of fact, en- 
Srely aborted. This seeming anomaly is, however, satis- 
octorily explained in association wilh the circumstance that 
'S'i/ctotherwi has developed a taste for, and partakes freely of, 
le solid meats ; while the Opalinida;, as babes in evolution, 
■'■strict themselves to the fluid nutriment provided side by 
]ile in their chosen habitat. The genus Plagiotoma, represented 
"jy a single species, P. lumhrici (H. VIII. iig. 1^), corresponds 
■unsiderably with Nycfotherus, but is devoid of a conspicuous 
I iial passage. It is found in the alimentary tract of the common 
-:iiirthworm. 

The Peritrichous order of tho Cihata, considering its 
I ■'ii^ive Ihoits, comprises comparatively few true parasitic 
I'les, though, on the other hand, it includes a very large 
iijuljer that must be relegated to the category of Messmates, 
nr Commensals, AH the representatives of Peritricha are dis- 
tinguished by the character of the ciliary system, which is 
limited to a circular or spiral wreath, developed in the anterior 
region, and conducting to the oral aperture. Those types, 
teferable to this order, that claim immediate attention are 
pomprised within the respective family groups of the Urceo- 
feiidaa, and Ophryosoolecidie. The first-named of these, in- 
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eluding the genera Trichodina, Urceolaria, Cf/clochcBta, and 
Licnophora, are mostly distinguislied for their ectoparasitio ' 
mode of existence, being in the majority of instances attached 
to the cuticular surface of the various inyertebrate hosts they 
patronize, and apparently deriving their nutriment from the 
mucous and waste material cast on by these latter. Perhaps^ 
indeed, it would be more correct to refer them to the Com- 
mensal series. 

In order to enable these UrceolariidaB to retain a firm held 
upon their elected fulcrums of support, the posterior region A 
the body is so modified as to constitute an adhesive disc <ff 
acetabulum, usually strengthened by a complex homy ring, 
over which its possessor maintains so complete a control that it 
can affix or detach itself at pleasure, and lead a sedentary 
or free-roving existence. Among the more familiar examples 
of this highly characteristic group reference may be made- 
to Trichodina pediculus, illustrated by Plate VIII. figs. 13-17, 
which often occurs in abundance upon the body and ten- 
tacles of the fresh-water polypes Hydra viridia and vulgarii, 
Other species of the same genus, e. g. T. Steinii, T. haltica, and 
T, scorjxena, are found attached to the cuticular surface ol 
respectively a fresh-water Planarian, a Baltic Neritina, and 
the Sea Bullhead, Coitus scorpius. In CyclochcetOy a singular' 
modification of this same structural type, long, erect, setcae 
filaments are developed in a crown-like manner round the body 
immediately above the acetabulum. The single known repre- 
sentative of this genus, (7. spongilice (Plate VIII. figs. 20 & 21), was 
recently discovered by Mr. W. H. Jackson infesting the cortical 
layer of the fresh-water Sponge, Spongilla fluviattlis, obtained 
from the river Cherwell at Oxford. Licnopkora, while some- 
what resembling Trichodina in outward form, is distinguished 
from it by the fact that, the anterior and posterior regioni 
of the body are separated from one another by a stalk-like' 
intermediate portion, while it is the right, and not the left^ 
limb of the adoral fringe of cilia, that descends into the oral 
aperture. Both of the two known species, Licnopkora Auer^^ 
ha chit and i. Cohnii, are essentially marine, the former one,W^ 
(Plate VIII., fig. 18), occurring on the Planarian, Thysanozmr 
tuherciilatumy in the neighbourhood of Naples. A remarkahbj 
isomorphic or mimetic representative of the trichodinic strtto-l 
tural type is aflbrded by the animalcule represented in Plate^ijj 
VIII., figs. 22 and 23, and upon which Mens. Claperede has con-m:! 
f erred the title of Trichodinopsls paradoxa. This species, whiA" 
occurs as a parasite within the intestinal and pulmonary cavitifls 
of various species of Cyclostoma, corresponds in all respects witk 
the typical Trichodiim^ excepting that the entire surface of tta^ 
body is clothed mlb. fine \W:ix^\S\G ^^\ibu, Tcc\& ^^s^'^^^ ^iircum-l 
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renders it ineligible for admission into the ranks of the 
icha proper, and indicates rather its Heterotrichoua 
£8. More correctly, perhaps, it may, like one or two other 
nal forms, be accepted as a connecting link between these 
tive orders, 

le family of the OphryoscolecidEe includes two genera, 
oscolex and Entodinium, which are notable for their 
■ence as parasites within the first and second stomachs 
ions ruminants, such as alieep and oxen. Although first 
lized as true Infusoria, and receiving their characteristic 
IB here given, from Professor Stein, there can be but little 
that they represent the forms originally discovered 
!M. Gruby and Delafond, described by them in the 
}tei Jteiidus' for the year 1840, and there compared with 
sra. All the several species are distinguished by the 
laion of an indurated carapace, frequently adorned with 
IS processes ; and both genera bear an anterior evertile 
itractile adoral ciliary wreath, which in Opkn/oxcoUir is sup- 
nted by a second ginlle of cilia, developed round the centre 
e body. Unfortunately, no illustration of any repre- 
ive of these very interesting genera has yet been pub- 
, According to the French authorities first quoted, these 
ilcules are found infesting the viscera of sheep in pro- 
is numbers. In five centigrammes of alimentary matter 

from the first and second stomachs (rumen and reticulum) 
leep, they found that no less than one-fifth of the 
weight was composed of the bodies of these organisms. 
E third and fourth stomachs {psalterium and abomasum), 
a other hand, only dead and empty carapaces were met 

the softer , nutrient endoplasm or parenchyma, having 
iissolved out by the gastric juices. Upon the facts just 
led, MM. Gruby and Delafond argue, that the food supply 
ninants, though ostensibly of a purely vegetable nature, 
ts to a very considerable extent of lower animal organisms, 

develope freely and with great rapidity in the first and 
L stomachs of their hosts, but are kUled and assimilated 
Asing into the third and fourth stomachal compart- 
The free YorticeUidan type recently described by 
maun under the name of Asiylazooii fa/lax, ha\Tng two 
IB processes at the posterior extremity, would seem to 
pond BO closely with Ophryoscolex and Eniodinitm in all 
ial structural details that its relegation to the same family 

appears desirable. 

it a single form out of the entire Hypotrichous order of the 
I (having ^-ibratile cilia on the ventral surface only) has to 
erred to the parasitic series now under consideration. This 

typ^ the Kei-ona polyporum of C. G. Ekteobei^ I5l\a.'sa 
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VIII., fig. 19), closely resembles, in its generally flattened, 
bean-shaped contour, the cosmopolitan, free-swimming species 
Chilodon cucuUulus, It is wanting, however, in the complex 
buccal armature that distinguishes that species, while the sepa- 
rate fringe of adoral or peristomial cilia is much more power- 
fully developed. The habitat of this animalcule is identical 
with that of Trichodina pedicitlus^ it occurring as an ecto- 
parasite, often in vast numbers, oq. the body and tentacles 
of Hydra rulgariH and other fresh-water polypes. Like these 
Trichodino), it does not actually prey on the living tissues of iti 
selected host, but contents itself with the waste material cast 
off from the cuticular surface, acting thus rather as a useful 
and efficient scavenger than as a parasite in the stricter and 
limited significance of that term. 



EXPLANATION OF PLATES. 

Platb mi. 

Figs. I and 2. Trypanosoma sangmniSf Gruby. Parasite of blood of Frogs. 
X 600. 

Figs. 3-5. Trypanosoma Eberthi, S. K. Parasite of intestinal viscera d 
ducks and geese, x 800. 

Figs. G-^S. IIer}H)monas musccB-dotnesficcpj Burnet, sp. Intestinal parasite 
of common llouse-tiy. At Fig. 8, example dividing by longitudinal 
fission. X GoO. 

Figs. 9 and 10. Ilerjximonas Leicisi, S. K. Parasite of blood of Indian Rats. 
X 800. At 1 1 , blood corpuscle of Rat similarly magnified for pii> 
pose of comparing relative size. 

Fig. 12. HhajMnojias BiUschlij S.K. Intestinal parasite of nematoid Worm, 
Trilohus gracilis, x GOO. 

Fig. 13. Bodo intestinaiis, Ehr. Intestinal parasite of Frogs and Toads. 
X 300. 

Figs. 14 and 15. Lophomonas hlattarumy Stein. Intestinal parasite of Cock- 
roach, Blatta (J^eriplaiieta) onentalis, elongate and subspheroidal 
forms. X oOO. 

Fig. 1G. Asthmatos ciliaris, Salisbury. Parasite of nasal and respiratory 
passages of the human subject, x GOO. 

Fig. 17. Trichomonas batrachoj'um, Perty. Intestinal parasite of the Frog. 
X GoO. 

Figs. 18-20. Ilexainita intestinalisy Dujardin. Intestinal parasite of Frogs 
and Toads. 18 and 19, attached; 20, free-swimming conditio^. 
X 800. 

Figs. 21-25. Ojndina ranarurn, Purkinje. Intestinal parasite of Frogs and 
Toads. 21, multinucleate adult animalcule, x 100 ; 22, zooid divid- 
ing by tiansvexae ^svoii*, '2V^, e.^oYocy8t with contained zooid; 
24 and 25, young ixioTioii\3L!c\fe«i.\ft ^loroSiiNAss^* 
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. 26. Hoplitophrya armata, Stein. Intestinal parasite of the Earthworm. 

X 100. 
. 27. Anoplcphrya prolifera, Clap, and Lachm^ sp. Intestinal parasite of 

marine planarian. x 100. 

Plate VIH. 

m. 1-6. Icthyopthtritts multi/ilis, Fonquet. Ectoparasite of young Trout. 
1, adult animalcule x 100 ; 2—5, sporular reproductive phases. 

i, 6. Nyctoiherus vdox^ Leidy. Endoparasite of myriapod, lvhi% mar- 
ginatua, x 100. 

\. 7. Nyctoiherus Gyoeryanus, Stein. Endopara&ite of Water-beetle, 
Hydroph%l%is piceus, x 100. 

}8. 8 and 9. C(mchopth%rus Steenstrupii, Stein. Parasite of Garden Snail. 
X 100. 

K 10. JBalantidium coli, Stein. Intestinal parasite of the Human subject. 
X 100. 

\, 11 . Bcdantidium entozoan, Clap, and Lachm. Intestinal parasite of Frcgs 
and Toads, x 100. 

k 12. Ffagiotoma lumbrici, Daj. Endoparasite of the Earthworm, Xmw:- 
hricus terrestris, x 100. 

8. 13-17. Triekodina pedicvJus, Ehr. Ectoparasite of the fresh-water 
Polype, Hydra vulgaris. 13-15, diverse contours assumable at will, 
X 300; 16, ventral view, showing toothed ring of acetabulum; 
17, portion of tentacle of Hydra with TrichodiruB attached. 

. 18. LUmophora AuerbaMi, Clap. Ectoparasite of planarian Worm, 
Thyganozoon titberculatum, x 500. 

, 19. Xercna polyporum, Ehr. Ectopajrasite of fresh-water Polype, 
Hydra vulgaris, x 200. 

B. 20 and 21. Oydochcsta spongiUiB, Jackson. Parasite of fresh-water 
Sponge, tS^ngtUaJluviatilis. 20, adult animalcule, x 2C0 ; 21, por- 
tion of denticulate horny ring, more highly magnified. 

B. 22 and 23. Trickodhwpais paradoxaj Clap, and Lachm. Parasite of in- 
testinal and pulmonary cavities of fresh-water Molluscs, genus 
Oydostoma, 22, adult animalcule, x 200 ; 23, horny ring of basal 
acetabulum. 
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ON THE OPINIONS OF VOLTAIRE AND LAPLACE 

REGARDING GEOLOGY. 

By Pbof. p. martin DUNCAN, FJLS. &c. 

GEOLOGY, the science wliicli inyestigates the saccessiTe 
changes that have modified the aspect of the surface of' 
the earth, has passed through many phases during its long liis- 
tory. Depending much on the success of many other science^ 
it has progressed or retrograded with them, and coming intoop-il 
position with religious tradition it has suffered during centurifii 
The history of geology has been closely connected with that of 
liberal intellectual culture in Europe, and the progress of d 
broad and very eclectic science has been synchronous with tie 
development of civil and religious liberty. On the other hand, 
superstition and dogma have interfered with every branch of 
it, and the whole study had its age of mediaeval darkness. 

The science arose with the highest development of Greciaa 
civilization, and made no small advance ; and the Pythagorean 
doctrines, so full of truth regarding the phenomena of tie 
former changes in the aspect of Nature, which have bee 
handed down by Ovid, were the last and fullest expressions of 
the Grecian mind on geological subjecta No progress was 
made beyond them, and, indeed, they were considered heretical 
during the dark ages. From about 380 B.C. to the comm^ce- 
ment of the sixteenth century of our era, no progress was 
made, and the published opinions of educated men regarding 
the earth, afford a melancholy instance of the subordination w 
the intellect. But light came at last, and where it might have 
been least expected by the student of general history, FraCasto 
and Leonardo da Vinci expressed the more liberal opinions rf 
Italian observers of Nature, and insisted that the fossil shelli 
so constantly seen in the sub-Apennine strata, were once living, 
and that the Mediterranean Sea had once a larger area and m 
retired. Palissy inculcated correct views regarding fossils, 
seventy years aitexwaxAa ', ejid his general belief in the former 
changes on tlie Buiiace oi \5dl^ ^o\i^ ^^-e. "^^iJ^ ^1 ^Jca Greeb 
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icdified to meet the peculiar views of ecclesiastical writers on 
le Deluge, Eighty more years were required to make any 
flTance in the faise of opposition, no longer from the old but 
pom the new methods of religious thought and prac-tice ; and 
be end of the seventeenth centuiy witnessed the development 
f more careful strati graphical work, and of the grand theories 
S Leibnitz. The first half of the eighteenth century found 
leology a long way from the position which it occupied as 
. logical science at its close, when Hntton had elaborated his 
nand ideas of uniforiuity and continuity. Taking the age of 
Sutton as a stand-point, it is interesting to search out what 
W8 the nature of the common knowledge, regarding geology, 
onongst educated people before and about his time. What it 
was, may be well gleaned from the published works of two men 
►f great gcuius, of very different kiiids of minds, the one with- 
wit any scientific animus, and the other devoted to exact kuow- 
«dge. Both were distinguished Frenchmen, the one li\'iiig 
before Hutton.and being the represent alive of the highest liter- 
tty culture of an age of the greatest mental ferment; the other 
liurishing subsequently as the most distinguished malheniati- 
■iim of the Napoleonic age. They were Voltaire and Laplace. 

Voltaire, detested as he was by the most powerful class in 
^rance, nevertheless attracted around him the advanced thinkers 
f ills day ; and his writings, so seldom read now-a-days, partly 
"Om prejudice and partly from the blatant impurity of many 
f them, indicate that he was unusually well read in all the 
i-bjeets which were then attracting attention, He was an 
lvan«od representative man, at war with Ihe priests and with 
LQ State when they endeavoured to override civil and religious 
t>erty; his weapons were the keenest satire and the broadest 
Unour, and they were none the less offensive because thoy 
Bre highly tempered in consonance with the manners and open 
ee of hia age. A master of the art of ridicule, he often wore 
mask of truth to render his ehafta the more poisonous ; and, 
^eod, it is ofton extremely difficult to know when he is 
*iou3 or when joking. His scientific atlainments were obtained, 
it in ordor that they should lead to further truths, but that 
K-y should be weapons against bad logic, the general dispo- 
tiun to accept every statement, made on authority, to be true, 
"id against what he conceived to be unreasonable in Scripture, 
take a chapter of his in his Physique as an example, which is 
ended, ' On the Changes which have occurred in our Globe, 
dd on the Petrifactions which are pretended to be their 
'"^dences ; ' — 

'There are some errors which belong to the people, and 
*ero are others irhich only relate to philosophers. Perhaps 
>aidea of bo many physicists, that evidences eae tiOaarj^iMua 
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over the whole earth of a General catastrophe, belongs to tkae ' 
last. They have found in the mountains of Hesse a stone wMch 
appears to be marked with the impression of a turbot, aad on 
the Alps a petrified pike ; they have therefore concluded that 
the sea and the rivers have flowed over the mountains. It ym 
more natural to suspect that the fish, carried by a traveller, got 
stale, were cast away, and became petrified during a lapse at 
tima But this idea was too simple and not systematic ^lou^ 
They say that they have discovered an anchor of a ship on a 
Swiss mountain ; they do not reflect that people have often 
carried great bundles in their arms, and even cannon. It may 
be that they used this anchor to stop the bundles going down 
cracks in the rocka It may be tnat they took this anchor 
from one of the little ports of the Lake of Geneva. It may be^ 
finally, that the story is fabulous, and they prefer to assert that 
this was the anchor of a ship which was wrecked in Switz«> 
land before the Deluge. The tongue of a dog-fish has some 
relation in shape to a stone, which has been' called Qlossopitre: 
this is enough to satisfy the physicians that these stones are as 
many tongues as the dog-fish left in the Apennines in the dayi 
of Noah.' 

'The reptiles, when they are not in movement, usually assume 
the spiral shape ; and it is not surprising that when they become 
petrified, the stone takes the shapeless figure of a Volute. It is 
again more natural that these are stones which formed them- 
selves in spirals; the Alps and the Vosges are full of them. 
It has pleased naturalists to call these stones cornea d* Amnion. 
The fish called the nautilus, which has not been seen, and 
which was produced in the Indian Sea, is recognized in rek- 
tion to them. Without too carefully examining whether this 
petrified fish is a nautilus or an eel, they conclude that the 
Indian Sea formerly inundated the mountains of Europe. 
Little shells have been seen in the provinces of Italy, of France, 
&c., which are stated to be originally from the Syrian Sea. 
I will not contest their origin ; but may we not remember that 
the innimierable crowd of pilgrims and Crusaders carried its 
money to the Holy Land and brought back shells ? Or would 
one rather believe that the Sea of Joppa and Sidon came to 
cover Burgundy and the Milanese P One might dispense well 
with the belief in one or the other of these hypotheses, and 
think, with many physicians, that these shells which are 
believed to have come from so far ofF, are fossils which the 
earth produced. We might, on the other hand, with more 
approach to reality, conjecture that there were formerly lakes 
in those localities where the shells are to be seen to-day. Bui 
whatever opinion or whatever error is inculcated, do these 
shells prove that aU \iie \miNet^^\i^^\i^^Ti ^«:^'®k!L%d from top to 
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octtom ? The mountains near Calais and Dover are of chalk ; 
therefore formerly they were not separated by water. This 
ttiay be, but it has not been proved. The rock of Gibraltar and 
aear Tangier, is of the same kind, therefore Africa and Europe 
bouched each other, and there was no Mediterranean Sea. 
The Pyrenees, the Alps, and the Apennines, have appeared to 
nneny philosophers to he the dt^bris of a world which has changed 
ita shape several times. Thia opinion, long maintained by the 
Pjlhagorean school and by others, affirms that all the habitable 
globe was once aea, and that the sea was long land.' 

'This opinion has been more than once credited, by the 
esaraination of those beds of shells which are found heaped up 
bi layers in Calabria, in Touraine, and other places, in earth. 
Bntuated far from the sea. Really there is a great appearance 
of their having been deposited during a long successiou of ages. 
Hhe sea, which has retired some leagues from its ancient shores, 
liiiB returned, little by little, in other spots. From this almost 
insensible loss the right to believe in the ocean having covered 
the globe for a long time, is concluded. Frejus, Narhonne, and 
Terrara, are no longer seaports : halt' of the little country of 
last Frifiin has been submerged by the ocean ; therefore, for- 
merly, whales swam for ages over Mount Taurus and over the 
-Alps, and the bottom of the sea was once peopled with men. 
^is system of physical revolutions of the world has been 
etrengthened in the minds of some philosophers by the discovery 
«fM. de Louville. It is known that this astronomer went 
Wpresaly to Marseilles, in 1714, to observe if the ohKquity of 
*lie ecliptic was still the same as it bad been detennined by 
i^theaa nearly 2000 years before : he found it less by 20 . 
That is to say, according to his views, the ecliptic had approached. 
tliB equator 3°, which proves that in 6000 years the approach 
"■ould be an entire degree. This supposed, it is evident that 
ie earth, besides its known movements, has another which 
Qakea it turn on itself from one pole to the other. It would 
lappen that in 23,000 years the sun would be over the equator 
Ur a long peHod, and that in a period of about two million of 
ears, all the climates of the world would have occurred con- 
Scutively, in the torrid zone and in the glacial zones.' 

' Why, they say, be frightened about a period of two mil- 
on of years? There are probably longer ones between the 
sciprocal position of the stars. We know already of a move- 
lent of the globe which is accomplished in more than 25,000 
ears, and it is that of the precession of the equinoxes. The 
Bssing away of thousands of millions of years is infinitely 
ias in the eyes of the Eternal Architect of the universe, than 
re the turnings of a wheel in the twinkling of our eyes. Thia 
pw period imagined by the ChevaKer de LouviU-e, aoA. TQa.m- 



314 POPULAR SCIENCE REVIEW. 

tainod and corrected by many astronomers, recalled the ancient 
researches of the Babylonians, transmitted to the Greeks by 
Alexander, and preserved for posterity by Ptolemy in m 
AlmatjcHte. The Babylonians pretended at the time of 
Alexander to have astronomical observations for 400,300 
years. The attempt was made to reconcile the calculatians of 
the Babylonians with the hypothesis of the revolutions in the 
millions of years ; and finally, some philosophers concluded that 
each climate had its turn — now at the pole, now on the equator, 
all the seas having changed their places.' 

* The mar\'ellous, the vast, the grand mutations, these are 
the matters which are sometimes pleasing to the imagination of 
the most wise. Philosophers want the great changes in the 
scenes of the world, just as people do when they go to the play. 
From the stand-point of our existence and of its duration, our 
imagination soars up in the midst of millions of ages to see 
with pleasure Canada under the equator, and the seas of Nova 
Zembla upon Mount Atlas.' 

This very considerable jumble of shrewd common sense, 
ignorance, and unreasonable opposition to inevitable conclusiona, 
indicates, however, what were the common opinions of the day 
about the great succession of changes. There is some Kvdy 
sarcasm at the service of the geologists who derive great 
theories from little facts, and it is interesting to find so great a 
thinker opposed to the Pythagorean doctrines. Yet the reasoning 
regarding the former connexion of England with France, and of 
Spain with Africa, is very ignorantly set aside. The common 
knowledge of the day was thus in advance of the critic ; and it 
is interesting to note the ancient date of the truth of the con- 
tinuity of sedimentary strata, except imder the aspect of thin- 
ning out. The petrifactions and fossils were even in Voltaire's 
day a great trouble to the unscientific, although their true 
nature had been proved; but it is evident that the common 
knowledge of the day was in favour ojE the spontaneous origin 
of fossils and odd-shaped stones — the earth grew them. 

These are ideas which are common enough, even in these 
days of educational progress. The mistake relating to the 
movement of the ecliptic is interesting, because it shows how 
thoroughly what may be called Astronomical Geology had 
taken hold of the minds of the educated classes, thanks to the 
great French mathematicians, who had followed our Newton. 
The question of the possibility of any great variation in the 
inclination of the polar axis to the ecliptic, has been of lat« 
greatly agitated, and the physicist declares against the possi- 
bility, whilst not a few geologists assert that the phenomena 
they perceive to have taken place, cannot be explained by any 
other method. It la mtei^«»tm^, \>Dl^ti, \ft ^i:cL^ these questions 
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regarding changes of climate so fully developing themsekcs. 
There is no doubt that Voltaire knew much which he did not 
care to advance in this chapter; but it is a characteristic of his 
style to sacrifice eveirthing to the opportunity of an onslaught 
against what he considered unreasonable or dogmatic. Never- 
theless, aa will be noticed further on, Voltaire never grasped the 
possibility of any secular changes in the relative level of land 
snd sea floor ; subsidence on a grand scale does not appear to 
liave been a notion within his imagination, although he appears 
to accept it as a cause of the production of some islands. In 
one essay he is sincerely uniformitarian in his views — the subject 
still being on the changca which have occurred on the globe. 
He says, — 

' When one's own eyes have seen a mountain advance on to 
a plain — that is to say, an immense rock of the mountain become 
detached and cover some fields, an entire castle sink info the 
earth, a river swallowed up, and which comes forth from its 
ubyss further on, the indubitable marks that a vast mass of 
water formerly inundated a country now inhabited, and a 
hundred vestiges of other revolutions, one is more disposed to 
btlieve in the great changes which have altered the surface of 
ilie earth, than a Parisian lady, who only knows that her 
linuse is built where there was formerly tilled ground, may be. 
I)ut a Neapolitan lady, who has seen the subterranean mina 
of Hei'culaneuni, is less a slave to the prejudice which would | 
have us believe that everj'thing has always been as it ia ] 
l<)-day.' 

' Was there a great conflagration in the days of a Phaeton P 
Ifothing is more likely : but it was neither the ambition of 
Phaeton nor the anger of Thundering Jove which caused the 
catastrophe. Similarly, in Lisbon in 1755, it was not the fires 
BO frequently lit by the Inquisition which attracted Divine 1 
vengeance, which lit the subterranean fires, and which destroyed 
half of the town. For Mequinez, Tetuan, and considerable i 
iordcs of Arabs were more maltreated than Lisbon, and there ' 
was no Inquisition in those countries. | 

' The island of San Domingo, lately quite ruined, was not I 
more dimleasing to the Great Being than the island of Corsica. 
Everything is subject to eternal physical laws. The sulphur, 
the bitumen, the nitre, the iron, enclosed in the earth have 
thrown down a thousand cities by their mixtures and ex- 
plosions, have opened and shut thousands of cracks, and we are 
threatened daily by accidents which depend upon the manner 
in which the world has been made, just as we are menaced in 
many countries during the winter by starving wolves and 
ligers. If fire, which Democritus believed was the first I 
principle, has ruined one part of the earth, the first principle J 
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of Thalcs, water, has also produced great changes. Hall of 
America is still inundated with the ancient deposits of tke 
Maragnon, of the Rio de la Plata, of the St. I^wrence and 
the Mississippi, and of all the rivers which increase in volume, 
thanks to the melting of the eternal snow of the highest 
mountains of the world, and which traverse the continent from 
one side to the other.' 

* These accumulated deluges have produced great inarslies 
almost everj'where. The neighbouring districts have become 
iminhabitable, and the soil which ought to have been fertilized 
by the hand of man, produces fi^ The same thing has 
happened in China and in Egypt, and a multitude of centuries 
have been consumed in making canals and in draining the 
ground. Add to these long disasters the irruptions of the 
sea, the countries it has invaded or deserted, the islands it has 
detached from the continents, and it will be found that more 
than 80,000 square leagues have been wrecked from east to 
west, from Japan to the Atlas.' 

Voltaire thus, with some accurate geographical knowledge, 
and with considerable point, argues against tiie popular notion 
of his day, of the persistence of all things. He then proceeds 
to argue in favour of, and against the Atlantis, and advances 
the e\adent former union of the Grecian Isles and Sicily with 
their mainlands as a suggestive proof of the subsidence of the 
land between the mainland and the Canaries. He states— on 
what authority is doubtful — that the Atlantic has but little 
depth between the Canaries and the mainland. 

Voltaire's onslaught on Burnet is, of course, racy. He 
notices that * one author, who has become more celebrated 
than useful by his theory of the earth, has pretended that the 
deluge wrecked the earth, and formed rocks and mountains, and 
put all into supreme confusion, and that one only sees a ruined 
world ;' and that * the author of another theory not less celebrated, 
sees nothing but arrangement, and decides that without this de- 
luge this harmony would not have existed. Both consider the 
mountains to have followed the imiversal inundation. Buniet, in 
his eighth chapter, assures us that the earth before the delnge 
was regular, uniform, without mountains, valleys, and seas. 
The deluge did all that, and therefore we find comes d^Ammon 
in the Apennines.' He then jeers at Woodward with great 
success, and remarks, ' The greater number of the philosophers 
have placed themselves without ceremony in the place of God ; 
they think they can create an universe with a word.' 

Voltaire asserts his right to examine, in consonance with the 
laws of probability, if this globe has ever been, or ever will be, 
so absolutely different from what it now is. He considers that 
people have only got \« \\&^ >i\i<eiYc e^^%. "Sa %-xa.mines the 
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monntaina stated to be a disorderly mass o£ ruins of an ancient 
world, ' diKp&rne ^n et M,' like the niina of a bombarded town, 
and finds them, on the contrary, arranged in definite order 
from one end of the universe to the other. ' It is, in fact, a 
clain of high and constant aqueducts, open in many spots, and 
giving that space to the rivers and arms of the sea which they 
require to irrigate the earth.' Noticing Burnet's confusion- 
dogma again, he remarks that 'the mountains serve as reservoirs 
for rain, and are the sources of rivers, and no one con faO to see 
intluB pretended confusion the wisdom and benevolence of God.' 
He proceeds to state ' that every climate has its moimtains, 
End that they are necessary for the machinery of the world. 
Animals could not live without them, for life cannot be with- 
out water. Water ia evaporated by the sea, and is thus 
constantly purified ; the winds carry it to the summits of the 
Mis, where it is precipitated, and it is shown that there ia a 
relation between the supply and the size of the rivers.' He 
does not believe in the Lou^'ille doctrine, and states that if it 
were true, the mountains woidd find themselves still in the same 
places, and that he cannot find proofs that the Alps and 
Caucasus have gone, even bit by bit, to Caffraria. He states 
that the ' bed of the ocean is a hollow, the remoter from the 
shore the deeper is it. There is not a rock in the open ocean 
except some islands. But if there were ever a time when the 
ocean has been on our mountains, if men and animals have 
ever lived in the hollow which now serves for the floor of the 
ocean, could they have existed there P From what mountains 
could they have received rivers P The world then must have 
been something quite different from what it is now. And how 
ooald this globe turn on itself, having one-half hollowed out 
imd the other half high above, and surcharged with an ocean P 
How did this ocean manage to hold on to the mountain without 
flowing into the immense bed which Nature had hollowed out 
for it? The philosophers who make a world, only manage to 
Wuke a ridiculous one. There is, then, no " aystSme" which can 
givG the least probability to this idea bo generally diffused, 
toat our globe has changed its aspect, that the ocean has been 
long over habitable earth, and that men have lived formeriy 
"'here porpoises and whales do now. Everything which 
'■egetates, and that which is alive, does not change; e\-ery 
species has lasted invariably as the same. It would be very 
strange that a mdlet-seod should retain for ever its nature, 
^Qd that the whole globe varied in its own.' He considers 
'oe formation of the Mediterranean and its water supply, 
^nd pooh-poohs the philosophers who stated that it has been 
termed bv an accident, stating that it has always been in ita 
Plftoe, anS that the fundamental constitutiou oi\i\B& -BsaxeEWii 
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has never chungecL Further on he attacks the people vrho 
arc afPceted by the petrified turbot and pike already noticed, 
and savs that they argue against sound physical reasoning; 
and adds, ' The love of the marvellous renders svstematic 
philosophy childish ; but Nature seems to please itself in uni- 
formity and constancy, although our imagination revels in gieat 
changes.' This excessive uniformitananisniy a little con- 
tradictor}' to expressions used but a few lines back, is utilized 
by Voltaire in the next sentence. He states that Scripture 
tells us there has been a deluge, but there does not appear 
to be any other ' monument ' of it than the memory of a 
terrible prodigy, which warns us in vain to be just 

In noticing the dendritic markings on such stones as agates, 
some kinds of marble, and flints, Yoltaire states that 'it was not 
a tree or a house, or a man's face, which left an impression on 
the little stones at a time when they might have been soft or 
fluid, and that these are instances of an empire of whose power 
there is no doubt/ 

Then he makes a jumble between dendrites and the true im- 
pressions of plant& He says, 'To say that the imprints of leaves 
of trees, which only grow in India have been seen on these 
dendrites, is it not to advance a matter barely proved? 
Does not such a fiction follow suit on the romance, imagined 
by some people, that the Indian sea came formerly into 
Germany, Gaul and Spain? The Huns and the Goths 
certainly came there, but the sea does not travel like men. 
It gravitates eternally towards the centre of the globe; it 
obeys the laws of Nature ; and if it could have made this 
trip, how could it have brought the leaves of India to deposit 
them on the agates of Bohemia ?' He insists upon this logic, 
and says that it enables him to nullify the opinion that the 
little fishes of the most distant seas have come to inhabit 
the quarries of Montmartre and the tops of the Alps and 
PjTenees. 

Voltaire believed that Nature amused herself in forming as 
many kinds of stones as animals : she produced them in the 
resemblance of parts of organisms, or twdsted them in spirals, 
which some people have foolishly called Conies d* Amman, With 
regard to the knotty subject of the production of flints, he 
wants to know ' What stony juice made the thousand kinds of 
flint ? How is it that in many of our countries not a 
single flint is to be seen, whilst others are covered with them ? 
Why is it that in America, near the Amazon, none are to he 
found for 500 leagues ? Sometimes enormous flints are to he 
found in the middle of fields, and close to them are others, not an 
inch in diameter, some are even only two or three lines across. 
Their specific gravity fliB.er^\ m^TCia\\i\%thflLt of iron, and iu 
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uera rather more. However heavy, opaque, or smooth, a pehble- 

6nt may be, it IB drilled with holos;' and Voltaire thinks that in- 

Beets might occupy the million holes. ' It is au assemblage of 

homogeneous matters which produces an indestructible mass to 

the hammer. It is vitrifiable by long- continued heat in a 

" unace, and then it ia observed that ita constituent parte are a 

Eod^ of cryaial. But what force haa jotocd these little crj-stals p' 

' The attraction demonstrated to exist between the sun and the 

Oiets, between the earth and its satellite,— does it act between 

I the particles of the earth whilst it penetrates to the centre 

of the whole globe P Is this the first principle of the cohesion 

of bodies ?' Voltaire notices that the Alps and other mountains 

contain many kinds of rocka, and addresses himself to show that 

a small quantity of vinegar will dissolve in the laboratory emaU 

portions of some of tho rocks ; therefore Hannibal did dissolve 

an escarpment which stopped the way ; he states, in fact, that 

freiy child can make the experiment of Hannibal. 

Ever wrong, from his inability to grasp the evidences of 
'leaval and subsidence in relation to a datum line, Voltaire 
■ae« against the value of shells found remote from the sea 
nving any former aspect of nature. He believed that what 
"re found were of fresh-water kinds, and remarking on the 
BEraee number of snails that infest parts of France, demurs 
accept the theory of Indian migration. But he makes a re- 
irk which will interest some amongst us : ' They discovered, 
f thought they did, some years ago, the bones of reindeer 
". of hippopotamus near Etampes ; and hence it was 
dnded that <he Nile and Lnplsmd were formerly on the 
i from Paris to Orleans. But we may rather suspect that 
! lover of the curious formerly had these skeletons in his 
et. A hundred parallel examples invite us to examine 
3 believing.' 

Voltaire wi-ote also on the shells of Touraine, a criticism of 
saUy philosophical views of change in Nature, and 
indulged in some vei-y reniarkable observations on the nalure 
of the scale of animated beings, and about corals. 

Laplace, so well known to us by his great labours regarding 
(he figure of the earth, treat-s the geology of his day — the 
early part of this centurj' — in an astronomical manner. He 
antagonized some of the vulgar errors regarding the great depth 
of the ocean which wore put forward in his day, and which 
lasted until a comparatively late date. His proofs were mathe- 
matical and related to the laws of the rotation of homogeneous 
and non-homogeneous spheres of the dimensions of the earth. 
It was believed that the ocean was not to be fathomed in many 
parts, and even the conlinuity of the sea, through the whole 
ma^s of the glohe, from one side to the otb.6i, la^ \te sifcnKs.^a&. 
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Tliift was the result of sounding taken with every possible 
difficulty and liable to every possible error, and of the extrranely 
lively imaginations of the physical geographers of the day. But 
Laplace 8howed that the depth of the sea is a small fraction of tie 
difterence of the polar and equatorial axes of the globe, and of 
course his deductions did not relate in any way to measurements 
by soundings. It was a remarkable statement, and has beea «i- 
hanced in value by the deep-sea soundings of late years. Taking 
the difference of the axes to be, in round numbers, 26 miles, 
the average depth of the great ocean is from 2000, 2400, to the 
extreme of 3000 fathoms, the middle number being thfe pro- 
bable correct average. This gives a depth of nearly three miles 
to the ocean ; and it is rather under one ninth of the standard 
mentioned. 

According to Laplace, the oceans occupy irregularities of 
the surface of the earth; and mountains, table-lands, and the 
deep valleys, may be considered irregularities when curvature of 
strata, and great anticlinal and synclinal axes are to be seen 
amongst them. The depth of the bases of mountains, calcu- 
lated from the direction of the downward curvatures of the 
lowest strata and the possible depth of the strata beneath the 
sea, gleaned from the dip of coast-line strata, appear to be 
enormous, and especially to those observers who are untrained. 
But the distinguished mathematician stated as his opinion 
that the irregularities of the surface of the earth and the agents 
which have to do with them, are at, and act at, a very slight 
depth below the surface. That is to say, relatively to the great 
bulk of the globe and its diameter, the space immediately 
beneath the surface, which has been affected by internal move- 
ments during the ages since the present irregularities have 
existed, is small. The depth of the earthquake focus, of the 
hj^othetical volcanic reservoirs, and of the movement resulting 
in tangential thrusts sufficient to produce the grandest oceanic 
and continental geosvnclinals and geanticlinals, or the minor 
anticlinoria and synclinoria of mountain-chains is slight, ac- 
cording to Laplace, writing in the second decade of this century. 
The great globe is quiescent within, and any energy still 
lingering on, is very superficial, or is antagonized by the enor- 
mous internal density of the mass. The energy is heat, and 
that was of course acknowledged by Laplace. The amount of 
knowledge of stratigraphical geology was not inconsiderable in 
his day, and the relations of the intrusive to the sedimentary 
rocks were understood ; moreover, there was a belief in the 
primitive nature of granites and such highly crystalline rocks. 
But these and their great curvatures must have all appeared 
like filmy wavelets on the vast globe, to the great mathematician. 
It 18 doubtful, however, ^\iei^e;T ^Jiqas ^^•e» ^qtko^^^tv. ^Kaa^led^e, 
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for it IS not consonant with the catastrophic ideas which pre- 
vailed so late in this century. It was certainly a foreshadowing 
of tke opinions of the advanced school of the present day, 
which denies that any palpable amount of temperature hi 
existed at the surface, conduet«d from below, since life has 
been in the sea and on the land ; and which asserts that the hot 
spring, the volcano, and the measurable heat in mines represent 
so much available kinetic energy, the result of rock tnove- 
ment and earth contraction. The primary energy bears a very 
slight relation to the size of tho globe and has not been exerted 
on a grand scale since the present density has existed. The 
escfieding slowness of the great crust movements appears to have 
been in relation to the comparatively small depth of surface 
affected by them. Laplace does not mdicate the depth impli- 
cated beneath the surface in the successive movements which 
we may assume so altered the aspect of nature as to originate and 
terminate physical geographies of old — geological formations : 
but it may be now assumed that the movements must have 
diminished in intensity from the surface downwards, and that 
tteir sum total since the laying down of the Laurentian sedi- 
ments has been vast; There is a proof of this which has not 
been much considered. Endeavour, in the mind's eye, to 
flatt«i out the curvatures of the strata of the Himalayas and 
Alps, and of the Continent to the north and south, treat the 
uurvatures of the Scandinavian hills, the Oural and the Andes, 
m the same manner, and consider the vast space once occupied 
V the horizontal strata. Do the same in respect to mining 
districts, from off which mountains have been worn and washed 
?way, and extend their folded and contorted strata, in the 
"i^gination, until they represent the breadth and length of their 
original deposition. There are no vast, gaping fissures, but, 
wth the esceptio;i of some few lands, every part of the great con- 
'inent is formed by sub- rock which once, before it was exposed to 
tangential thrust and curved, covered at least twice its present 
''Tea. I know of no other subject in relation to geology, which im- 
presses the mind so much regarding the secular contraction of 
the globe, since the tirst appearance of life. Laplace insists 
4at the earth was primitively fluid, and that the present 
shape of the surface of the earth, covered more or less as it is 
^y sea, is in accordance with the laws of equilibrium, a slight 
deformity only existing. He then proceeds to prove that the 
'density of the layers of the earth increases from the surface to 
the centre, and that these layers are nearly regularly ar- 
""^flged around the centre of gravity. All this led up, in after 
y^vs, to the knowledge that the density of the earth is greatest 
"Oder the ocean, and least under the mountain-chains, that 
a^ the plains being intennediate ; and also tWt tha »iftSAie& <il 
l&tre and o£ gravity do not correspond. 
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THE AUGUST METEORS. 



By W. F. denning, F.R.A.S. 



THE August shower of meteors forms one of the most 
attractive and important of the annual phehomena wit- 
nessed by astronomers, and the display is awaited every year 
with considerable interest — not only by a large section of 
habitual observers, but by many persons who have their atten- 
tion called to it in a mere casual way by the frequency and 
brightness of the meteors. For on the 10th of August, if tie 
night is clear and the moonlight not very strong, a person can- 
not be long in the open before his curiosity is excited by num- 
bers of these ' falling stars ' which, he will notice, travelling 
swiftly athwart the sky, and leaving lines of phosphorescence 
along their paths. It is, however, not the business of the 
ordinary gazer to regard such occurrences with more than a 
passing interest, and he simply watches their progress with a 
feeling almost amounting to utter indifference. But it serves 
to while away a leisure hour and to give rise to some curious 
speculations as to the origin and end of the transient objects 
which now and again come before his \dew. The case is 
different with the scientific observer. He has a practical 
interest in the phenomenon, and zealously endeavours to recori 
its more remarkable features as they become successively pre- 
sented, and to watch with increasing diligence its further 
development in the later hours of the night, remembering that 
his notes must hereafter have some value in the general com- 
parison of results. 

Quetelet's catalogue of observed meteor showers embraces a 
large number which obviously belong to the August period, but 
the majority occurred during the present century. This can- 
not be ascribed to an increasing activity of the meteor stream 
It is at once explained by a greater assiduity of observation, 
and by the fact that the subject is considered of more import- 
ance than formerly, H-enee m tclot^ ii<^^^\iV ^'^■a.^^ \ki& shower 
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been diligently looked for by many observers ; and the 
t ia that we find a large number of records of its displays, 
ormer years it was comparatively neglected. The uncer- 
y attached to the whole suhject rendered it unattractive, 
i little likelihood that it would ever become a 



irtant branch of astronomy, or yield any valuable results to 
patient observer of its nightly displays. Thus we find, 
igst historical records, only a few scattered references to 
^ower, and we are led, at first, to the inference that it was 

rarely visible in consequence of the meteors being slightly 
irsed over the orbit in former years. But the irregularities 
le dates of its former apparitions may safely he ascribed to 
r causes than a physical peculiarity of the shower itself, 
lack of interest in the subject would cause it frequently to 
lisregarded. Many of its exhibitions would pass wholly 
iserved. Indeed, it would only be described when it recurred 

such striking intensity as to force itself upon the attention 
celestial event of considerable interest. It appears to have 

thus observed in the following years : — 



1343, Aiigust 2 
1451, August 7 
1700, August 8 
1779, August »-10 
1781, August 8 
1764, August 6-9 
1789, August 10 
179a, August 9 
1708, August 9-10 
1800, August 10 



,,811, July 26 
L 820, July 25-30 
, 824, July 26-28 

'830, July 26 
r 833, July 27 
}"SS5, July 26 
J 841, July 25-30 
I ■924, July 27-30 
[''925, July 27-30 
»■ 926, July 37-30 
" 1)33, July 26-30 

Teen 811 and 841 it furnished a succession of brilliant dia- 
s at the end of July. Then there occurred a break until 
ty-three years later, when it several times reappeared with 
!ar spleJidour. A wide interval of more than three hundred 
a biings us to the year 1243, when it seems to have been 
n recognized, after which, untU 1709, there is only one 
r observation of the shower (in 1451). During the last 
Ired years it has, however, been frequently observed, 
;gh many of the recent displays cannot be compared with 
e of ancient times. The intermittent and rare character of 
shower as it existed between the tenth and eighteenth oen- 
js proves that few returns were of a sufficiently imposing 
re to be recorded, and that possibly the conditions were 
laed to its appearance. If tho meteors of the orbit during 
period were condensed in the region of their derivative 
A, then we can understand the slngulai -jaMdty oi qWsct^t- 
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tions. The Earth, as it passed the node, would year after year 
encounter no meteors until the perihelion approach of the 
cluster, when possibly the display may have occurred in the 
day-time, and been oi such brief duration as entirely to elude 
detection. 

The entry of this stream into the solar system probably 
dates back to a very remote antiquity — for there are several cir- 
cumstances which conspire to prove that such must have been 
the case, and that it preceded, by many ages, the apparition of 
the Ijconids, Andromedes, and some of the other periodical 
meteor-showers. The fact that it constitutes an unbroken ring 
leads to the inference that it must have existed from the 
earliest times in order to bring about so complete a dispersion 
of its pirticles, for on its first introduction, as a comet, to the 
Earth, it is to be assimied that it formed a condensed mass like 
the Leonids, and only appeared as a meteor-shower when the 
comet returned to perihelion. A very slight difPerence in the 
periodic times of the individual meteors following the nucleus 
must have eventually distributed them (by its cumulative effects) 
along the entire orbit. In other words, the original group must 
have undergone a process of lengthening out, until, at the present 
day, it consists of a parabolic zone of meteoric pellets, through 
which the Earth passes annually on August 10. Moreover, me 
radiant point of the shower often fails to become sharply defined. 
Several concentric streams of similar meteors appear to diverge 
from the region about ?j Persei, and their physical identity is un- 
questionable. They are merely the defiections or ofFshoots from 
the original system which must be greatly disturbed and con- .^ 
torted as the Earth anmially intersects it. The full effects of these [ , 

\ 



perturbations can hardly be estimated: many of the particles 
must be diverted into new orbits, and one of the results upon 
the main stream may be a constant widening out, so that the 
apparent duration of the shower must go on increasing. It 
now actively extends over at least eight nights ; hence the 
width must exceed 10,000,000 miles. And some diminution in 
its intensity must occur at each return, unless there is a source 
of compensation for the expenditure of its materials upon the 
Earth. But though many millions of the atoms are annually 
consumed in our atmosphere, the effect of the thinning out will 
be very gradual in making itself appreciable, for, as compared 
with the vast assemblage which constitutes the main ring, the 
proportion which encounters the Earth is small indeed. As it 
is enveloped in the stream comparatively few of the meteors 
are actually intercepted. By far the greater number pass by 
untouched. If a ball is thrown up in a thick shower of rain 
it will only encounter a few drops. This may be taken as an 
illustration. Tke "Eatt^i, ^\\\i \\.^ ^^ass^<il^7t qi 8000 miles, can 
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let witli a few meteors in its rapid flight through a zone 
J 10,000,000 miles in width. 
Se period of the August meteors is uncertain. Their dis- 
ion appears to have been so effectual that the element can- 
le determined. Some years give plentiful showers, but 
have been no decided traces of regularly recurring maxima, 
the case of the Leonids. This may possibly be explained 
e fact that the period is a long one, and would not become 
d until after centuries of research. Comet III, 1862, which 
Kbn exact resemblance of orbit to this system, was com- 
Wbi^ Oppolzer to have a period of 131'5 years ; and as 
Ibcarred a fine display of the August meteora in 1863, we 
r anticipate its periodical return until about 1964, if the 
ations are reliable. 

le August Perseids havo been more frequently observed 
iny other system of shooting stars, from the fact that they 
sible every year with more or less distinctness, and that, as 
lual shower, they cannot be surpassed by any other display. 
wo celebrated streams of November 13 and 27, occaeioually 
; rise to showers of great splendour, are periodical in 
iter, though it is extremely probable that a few of their 
rs encounter the Earth at the regular return of the dates ; 
thstanding that they may elude observation in consequence 
ft^ moonlight or cloudy weather, which, indeed, generally 
mne impediment to success. But the August meteors recur 
BF^with considerable intensity, and had attracted attention 
sfy remote epoch, though the phenomenon was not ^s- 
!cally studied until later times. It was reserved for Heie 
:-la-Chapellc to more thoroughly investigate the meteors 
gust, for the previous observers, though they had ascer- 
the fact that the month was notable in this respect, had 
glected to obtain any important data with regard to the 
;r or directions of the meteors seen. Schmidt also, at 
began assiduously to devote himself to this special line 
uiry. The particular night in August when the meteors 
most plentifully distributed was found to be the 10th, 
b the numbers were subject to considerable variations 
erent years. Schmidt, from an average of several years 
«rvations, gave tbe following as the horary number of 
[ stars for one observer. His results are compared with a 
KBverage derived by Major Tupman and the writer from 
^ons m 1869-71 and 1877-80 respectively : — 
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Falling stars in one hour. 



Date. Schmidt. Tnpman. Denning. 

August. ^ 13 

7 „ 11 37 23 

8 „ ir, 45 26 
„ 29 — 44 

(max.) 10 „ 31 69 71 

11 „ 10 53 38 

12 „ 7 27 24 

Schmidt's fig^ares are very small and much below the i 
bers found in recent years. But the averages in the tabi 
not thoroughly reliable, inasmuch as they are based upon 
a few years' observations. A longer series might give a c 
comparison, but it is seldom that the results of indepei 
observers agree within small limits. There are difEerenc 
vision, modes of observation, and in position, which 
obviously affect the numbers to no small degree ; and the i 
mittent character of the meteor shower itself must give ri 
discrepancies which cannot at first sight be accounted for. 
horary number of meteors on August 10 may vary, accoi 
to Heis, from 160 (in 1839) to 24 (in 1867). During th 
ten years the writer has foimd little variation in the inte 
of the annual returns when the conditions of weather andii 
light are fully taken into accoimt ; and there is no questior 
some of the variations ascribed to the shower have no 
existence, but are to be explained by the differences refen 
above. 

A fair comparison cannot be instituted between the b 
numbers found by observers, imless the observations, fromT 
the values are deduced, are made, in each case, at similar hoi 
the night ; for shooting stars, though often plentiful after 
night, are comparatively scarce in the evening hours. Tl 
readily explained by the fact that the principal radiant poii 
the showers are massed together in the eastern region of th 
where the Earth's orbital motion is directed, and it is ob 
that in the evening hours, when the altitude of many of i 
is very low, and when others have scarcely appeared a 
the horizon, their operation is in a great measure restii 
so that only a feeble indication of their displays is 
ceptible at such a time. The case is entirely different 
later period of the night, when the constellations in % 
the several radiant points are situated have ascended big 
the sky, and are in fact so placed that they may be sefl 
the greatest advantage. The August Perseids are always i 
observable in the morning hours, for the radiant point is i 
low on the lioiizon. sooti ^it^T dark, and a person who I 
sistently watcTa.es it duTm^ A^^ ^"^^^, ^"^ *cixs.^,>^V^k^(iW(i 
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ion of the radiant, a corresponding increase in tlie hourly 
sr of meteors. In 1877, at Bristol, the eastern sky was 
tently watched between 9'' 30"' and 14'' 30", when 354 
rs were seen ; and though the horary rate before 11'' was 
:7, it rose to about 80 during the last half of the watch, 
i the number of meteors observed at the end of the 

was more than double the number recorded at the 
ling of it. Thus it is apparent that the most favourable 
for such observations is in the morning hours, and 
h it is generally inconvenient for araoteura to extend 
rigils thus far, the importance of doing so cannot be too 
fly insisted on. 
tj-pical feature of the Perseids is to be ibund in the streaks 

frequently mark their course (tig. 1), and servo an ex- 
ly useful purpose in onabKng the directions to be registered 
jreat accuracy. The theoretical velocity of these meteors 
■ty-eight miles per second, so that they belong to the swift- 
iss of such bodies, and, as such, would be individually re- 




— Broken Streik of a, Peraeld 



I with much difficulty, were it not for the special 
e referred to. Their very rapid transient flights would 
the observer as he stood endeavouring to retaui the exact 
of beginning and ending ; and in the majority of 
ces he must absolutely fail to get nearer than a, mere ap- 
oation. Only in cases where the meteors sped from one 
[ another, or in courses parallel to closely adjoining stars, 
l^e paths be truthfully reproduced on his map. But 
Ktely for such investigations, we have no such difficulties 
punter. The phosphorescent line almost invariably 
ted on the sky by the nucleus as it rushes along, 
IS to guide the eye in fixing its position. It is the 
ttic signature of the meteor gone before, and during the 
span of its endurance the observer knows how to utilize 
. is seldom these streaks last longer than three or four 
s, though in exceptional cases of Peraeid fireballs they 
inhered several minutes. The writer ioimi ^e g^gewgi 
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]'8 seconds from many obscnations in Aug^ist 181 
tbu most frequent duration is about two secondfi. 
brighter meteors of the shower display tbem. ?' 
Conier, of Writtle, lias observed these PersoidB ' 
ditif^eo in recent years, and retained many intere 
of their peculiarities. Of 910 meteors belonging to t 
which he saw in the years 1871-79, 526 were u 
by streaks. These included 158 of the first magi 
15 of which were devoid of streaks; and 243 of 
magnitude, of which 72 were etreakless, 
smaller members the proportion was larger, 
brightest meteors were generally pale-green, others c 

The liuninoua utreaks, which are known to be tlu 
characteristic of these shooting stars, have acquired ;j 
significance from the fact that by their n 
point of the shower is cabbie of being ascert 
remarkable precision. This unportant element, to I 
determined, must rest upon a large niunbcr of i 
recorded tracks, which intersect (on being prolong 
wards) lit a well-defined position. Many observers 1 
ceedcd in finding this from results of more or M 
Mr. R. P. Greg analysed all the positions estimate^ ~ 
1876, and gave the average at E.A. 44°, Dec. Sff 
Major Tupman, from a discussion of his own elabc 
vations in the Mediterranean during the yea] 
derived the point 40^" + 56°, as the centre of 38 e 
Evidently the two residts, being founded on a large nui 
trustworthy records, and agreeing so closely us thi 
showed the true radiant to be situated on the nurtbei 
of Per«p!is, close to the star Eta of that constellate 
more recent determinations of a similar nature \ 
corroborated that as the chief diverging centre of £ 
meteors. Many other contemporarj' showers hi 
tected in the same region of the heavens, but 1 
Perseids recurs year after year from its accustomed^ 

During the last eleven years the writer at '. 
awaited the annual returns of this shower, and th* 
results of obser\'ations during the interval betwe< 
and 12th August, show that 2345 meteors hav« 
corded, of which 1428 belonged to the display of P^ 
917 to other minor streams of the same epoch. "" 
radiant was judged to be at ij Persn; in 1871 sA J 
jMi-di; and in 1874 at 44° + 58J°. The avei 
during the last five years has been at 44° + 57* , 
diagram (fig. 2} a number of paths near this radiant art 
Some of the meteors appear to be slightly erratic ii 
'directions; but this may he explained eiths] 
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observation or by a double or diffused radiant point, wUch 
must often occasion non-conformity in the obserred flights. 
In 1878 two points of departure were manifest from a series of 
precisely fixed courses at 44"* + 69** and 42|** + 64** ; but in 
1871) the weather interrupted observations. The present year, 
liowever, afforded an exceptionally favourable opportunity to 
observers, and the major radiant determined by tne writer was 
at 44° + 56°, with the decided traces of a sub-radiant at 
45° + 60°. In 1878 Major Tupman found the shower double 
at 46° + 57° -6 and 38° + 56° ; and in 1880 he strongly corro- 
borated the results obtained at Bristol, though his observatioiis 
were mainly confined to the night of August- 9. At the latter 
station the radiant apparently advanced amongst the stars of 
Perseus, for while earlv in the month it was observed at 
a8° + 56° it had shifted to 49^° + 57^° by the 13th. The 
same peculiarity was noted in 1877, when the following deter- 
minations were made : — 



Aujr. 10 



Radiant. 
40* + 56' 

4;i + r>d 



Aug. 12 
Aug. 16 



Badiant 
60 + 59 



Observer. 

G. L. Tupman 
H. Corder . 
E. R Sawyer 
W. F. Denning 



1379, Auga?t. 
Chief Badi mt. 

46 + 50 

45 +57 
44i + 57' ■ 
40 + 53 



• • • 

V 



• • • 



1880, Ansrogt 
Chief Badiant 

44 +5C 

46+53 
44f + 66^ 
44 +.56 



From these \al\xe^ a Ta^^iv oi \A?*^ -V^^*^ ^& iovyed^ which 



There is a prominent display of meteors from the star- 
group \ Persei at the end of July and beginning of August, and 
it is possible that these showers may belong to the same system 
of concentric meteor streams. It is certain that this fact of a 
progressive radiant requires fuller elucidation, and to this end 
observers should keep the data obtained each night separate. 
It may also be suggested that the radiant point should be 
ascertained during each hour of observation, and then when 
the series are compared, any displacement must immediately 
become obvious, and its extent and character well defined by 
the observations. The meteors from Perseus are so numerous, 
and the place of divergence so readily denoted by their en- 
during streaks, that there will be no difficulty in an investiga- 
tion of this kind. The last two years' observations have shown 
how exactly the radiant may be found by carefully-conducted 
researches, and how closely the positions derived by different 
observers will agree on being compared together : — 
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is probably very near the truth. There is a Becondary shower 
higher in decimation (at about 44^° + 60°), but this is merely 
a branch of the same stream, for the meteors exhibit the same 
specialities of appearance as those common to the major 
shower. An apparent diffusenessof the radiant point is of ten 
brought about by imperfectly registered tracks, and by allotting 
the meteors of bordering Khowers to the radiant of the Perseids, 
when in fact they belong to e\"idently distinct families. 

A few years ago the writ-er undertook the investigation of 
these co-Perseid showers from the large mass of shooting stars 
which had been registered at this epoch, at foreign observatories, 
and are contained in the published catalogues of Heis, Schia- 
parelli (1S73}, "Weiss, and Eonkoly. These include many 
thousands of paths observed during the period from Aug. 6th 
to 12th ; and such of these as were obviously directed from 
radiant points situated eastwards of Perseus, were projected 
on the star-mapa prepared by Prof. Herschel for the purposes 
of the Luminous Meteor Committee of the British Association. 
In all 762 meteors were thus utilized, and they gave distinct 
svidence of the positions of a number of active streams in 
'iv.riga and Cameloparihis, some of which were previously 
observed by Heis, and many of them have been confirmed by 
the ^vl'ite^ during the last five years. The following list 
Mibraces the chief radiants thus deduced : — 



Meteor Shotvei'S east uf Perseus, Aagust 0-12. 



V.a + 77 


74 + ;w 


104 + ;m 


90 + 46 


45 + 33 


76 +74 


/i3 + 20 


87 + 34 


87 + 15 



70 + W 
Gl + ."iO 
90 + 71 



1)2 + 57 ... 42 

The relative positions of these showers are depicted in the 
ijagram (fig. 3) where the more prominent displays of the 
group are represented by deeper circles than the minor. 
Some of the latter cannot yet be regarded as certainly estab- 
lished, inasmuch as they rest on slender materials. 

Heis devoted much attention to the meteors of the August 
period during more than forty years (1833-75), and in his 
I'Xtensive 'results,' published in 1877, gives the following as 
tiie chief radiant points for August 9-11 :- 



332 


POPrLAB SCIENCE REVIEW 






nuiiiBi. 


Kirf 




naliaiX. 


B^Dibol. 


a S 


Vflmn. 


Ejmlwl. 


.! 


A„ 


45 + M . 


. 23.1 


Cr„ . 


■27:1 + m ... 


D4 


a« + M . 


. :« 


St^ 


40 + 4.1 ... 


B. 


2ft! + 70 . 


. 135 


8t„ ■ 


66 + 70 ... 


Cr, 


U + :!2 . 


IW 


St., . 


27 + 21 ... 


Or, 


aw + 91 . 


. 103 


St.. ■ 


2.-, + M ... 


Cr, 


11 + BO . 


. Iil2 


St,. . 


20-1 + 44 ,.. 


Cr, 


7a + ai . 


. 125 


st« . 


.-1 + 7-. ... 
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uadrant. One of the most notable of these proceeds from I 
le eastern extremity of Aries (44°+ 25°), and supplies some j 
right meteors in the morning hours ; but the moat con- 
picuouH shower discovered east of Pcrxetis at this epoch lies in ] 
'!amelopnrdiis. and in the diagram (fig. 4), a numher of its 1 
aeteors falling amongst the stars of Urmi Miijor, are re-; 
)roduced from the catalogues of foreign observers. Thitfi 
hower, however, escaped the detection ot Heia and otherSjJ 
vho had been engaged in similar investigations, though itM 
ippeara to be of more importance than sei'eral radiants in itga 
■icinity which have been independently determined by severalfl 
bservers. At the end of July 187H, the writer noted a feW" 




■(ojxtrJm (t6° + 71°), Aug. 6-12. 



slow meteors, from a point at 90° + ~3°, and this 
nay have been an early evidence of the radiant which is. 
placed in a region bare of large stars between Tekacopmm and 
Polarin. It is just north of the triangle of faint stars {/, p. q. 
Caiiie/opardi oiJiode), east of a line ih-awn iiOTa ji Aurigm to 
Polaris, and will, no doubt, bo frequently re-observed in 
future years, though the shower of Perseids usually mono- 
polizes attention at the epoch of its annual returns. 

There is a shower near t( Femei (No. 2), well defined, on 
Aug. 6-12, Aug. 31-23, and Sept. 6-15. At the latter epoch it 
fvrniabes Boiae fine meteors and conBtitnteB s. ■^-ccmimCTX &9>- 
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jilay. The diagram (fip:. •O) j^ivcs the positions of eighty-six 
liaths cdiifdnniiij; to this radiant, observed at Bristol, and at 
M'Vi'i-al loroijrn stations in September. 

The ordinary desijniation of Perseids for the special meteor 
.'linwtr of Auj::ust 10, is always understood in its indiyidual 
:i]>])1ic'atioii, thouprli it must not be supposed that this ift {he 
i»iily shower t»f IVrseids visible in that month. The fact is, 
*\\vrc aro many sej)arato showers directed from that consteUatlon 
< arly and hitc in August, so that we require some distingmahing 
titles or s^^nbols to conveniently' particvdarize either ol them 
whieli it may bo necessary'" to refer W. The method now 
adopted of naming the chief periodical jshowers by the canstel- 
lations in which thcif raditfnt pbints*^ %be VKtflated, is Tery 
appropriate; and such displays as the Orionida, LeotnidSy and 
Creminids, have become so well known by their titfeSy thst it 
would bo imwiso and inconsistent to attempt reform. Bat ivitli 
regard to the minor systems, which are beoeming very nmfteroas, 
and require an equally ready mode of expression, there is a 
great difficulty in avoiding complications. 

There are certainly live nearly simnltaneons showers of 
Perseids early in August; and in every month of the year, 
except ilay and Jmie, meteors continue to fell from that 
constellation. If the present mode is adopted of stylinff them 
I'orsoids I, IVrsoids II, and so on progressively, a good deal of 
confusion must eventuallv arise as now svstems are discovered; 
and this classification by Roman numbers, however appropriate 
it may be in some of its other applications, will have to give 
way to a more distinguishing means of reference. The name at 
])resent only gives indication of the constellation from which the 
meteors emanate, without regard to the date or approximate 
])lace of the radiant, and it seems to me that the difficulty may 
be obviated by including the nearest fixed star and the epocli 
^vith that name. To render the proposal clear let us take the 
different streams proceeding from the undermentioned points in 
Pfrseifsjn August :— 44° + 56°, 32°+ 53°, 61° + 36% 61°+48^ 
46° + 47°, which may be thus tcnnod: — 

fj Perseids (Aug. 10). 
X Perseids (Aug. l-.*>). 
f Perseids (Aug.). 
/i Perseids (Aug.). 
a Perseids (Aug.). 

This is apparently a preferable method, to that of Perseids I, II, 
III, IV, and V, which must occasion endless trouble in references 
to find what special stream is meant. Moreover the numbers 
seem only in fair application when affixed progressively to the 
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Eve ehowere of the year, for it would be hardly consistent 
a radiant visitle in Perseus early in January bv the deaig- 
fof, sav, ■ Perseids XXXVIII.' Yet this 'is what wo are 



1 




te to, unless a fresh system is introduced to accommodate 
»idly increasing niunher of meteor streams. 
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A LABQE GEATER. 

By I^OF. JOHN MILNE, F.G.S., Japan. • 

THE crater I wish to describe is called Asosan. It i» 
situated in Kiushiu, the southernmost large island d the 
Japanese empire. The width of this crater is about fifteen 
miles, and in the bottom of it there are living, and living for 
aught I know in peace and plenty, about 20,000 people. 

The way in which I came to find this crater was this : for 
the last four years I have been spending my spare time io- 
travelling about Japan geologizing and visiting volcanoes. A-t> 
the end of the summer of 1878, the only island of Japan whict^ 
remained for me to see was Kiushiu, and a part of this I macL^ 
up my mind to travel over during the coming Christina'^ 
holidays. After making application for extra leave, whic^fc* 
was very kindly granted to me, I left Yokohama en route fo^ 
Nagasaki, which for foreigners is the chief town in Kiushii:!-? 
on the afternoon of the 17th of December ; the greater portioxi 
of this journey, which can all of it be performed in a comfort- 
able steamer, is down what is called the Inland Sea. This 
journey is a trip which is made by everyone who visits Japan, 
and rather than being a journey down a sea, as its name 
implies, it is more like a journey along a river or a lake, 
which in places is so thickly studded with little islands, that 
at every moment they seem to come within a stone's throw. 
After a day's rest at Nagasaki, where I was joined by Mr. A. 
Wooley of the British Legation, I took a small steamer bound 
from Kumamoto to the capital of Hizen, one of the chief seats 
of the fighting during the last rebellion. At this point I may 
say that the luxuries of travelling were ended ; and not know- 
ing that there was anything particularly interesting before 
me, it was not with feelings of pleasure that I left the steamer 
and took to muddy roads and Japanese hotels. Foreigners 
who only come to Japan for a week and travel along a well- 
frequented road, or in the neighbourhood of an open port 
where the habits oi t\ie s^uTSltiq^^^t^ ixcyai ^^act ^^^ ^c^a^e or less 
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Dod, write descriptions of the empire of Jiipan Bufficient 
M the whole world to come and settle in it. If, how- 
lese gentlemen hud been compelled to travel for say 
nsecutive months upon Japanese food and in districts 
lat remote from the great capitals, I think, if they ever 
i tell the story, that liey would write a different account 
ose which we usually re-ad, — when it hecomes an absolute 
J to walk over mountain-passea which are more like 
of steps than ordinary roads, to sleep on hard mats, and 
ist on vegetable diet, the chief portion of which con- 
rice and a radish called' ' daikon,' — the hardships of 
ag in Japan will be fully recognized. Occasionally a 
Br will'enaeav^ilr toiravrfaa Wnafive; but' usually, after 
that his health has suffered, you will discover him to 
lien back upon the usiiail plan of travelling, the essential 
which is to have a native servant and a pact-horse to 
ane provisione ; and under these circumstances it is but 
that you can find a foreigner who is able or who cares 
inue iiis exploration beyond the period of one month, 
end of that time, having lost ten per cent of his original 
and longing for the flesh-pots of the open ports, he 
I quick retreat from the rugged hills and brawling 
i the enjojTnent of which is hemmed in by so many 
ies. 

to Kumamoto, where, in the new town, the ruined castle, 
nips of troops, I saw indications of the recent war, I 
i directly eastward along a road which upon the native 
^>earB to lead from one side of the island to the other. 
t before us we covld sec Aeosan, the mountain to which 
a going, giving off heavy clouds of steam ; between us 
8 there was a long range of rugged hills parallel with 
rtwhich we had just left behind us; these looked reddish 
e, but when we came actually upon them, I found that 
lour was due to a covering of brown grass, and not to 
id stones, as I had previously supposed. The road on 
we travelled was, for a Japanese road, very wide ; on 
ie of it there were two lines of trees, the lines nearest to 
1 were wax-trees, whilst those behind them were crj'pto- 
As the w^ax-trees had lost their leaves, they looked 
ire and ragged, but in summer time, when they are in 
age, they must form an avenue which I think would 

rsa anything I ever saw in an English park. Koada 
with lines of tall trees are a feature in Japan, and 
these which continue for twenty or thirty miles in 
fnnbroken lines, form sights which when once seen will 
(he remembered. 

fJeren and a half miles up this tooii, -we teoRlQsA xW 
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village of OcUu, where ve took up quarters for the nisht 
£arly next morning we started out upon frozen roads to dnnb 
the hilla which were before us. The ascent was gentle. Bigit 
and left were brood stretches of uncultiTated grassy grooni 
Away upon our left we could see a high mountain called 
Kuratake, which, from its general shape, and a rugged-lookfns 
hollow which had been breached upon the side towards wbii£ 
we were looking, seemed to represent the remains of sn <Jd 
Tolcauo. Looking back, we could see the plain across wliich 
we had come on the previous afternoon; at the edge of it 
where it reached down to the sea, we could just make oat (be 
position of Kumamoto ; whilst beyond that, at the other siile of 
the bay on which Eomamoto is situated, there rises a mjgtii 
moss of mountains, the highest peak of which was the toIcsdd 
Unsen. This ^'olcano is the ono which, amongst all Japanese 
volcanoes, h&a probably been the most destructive. 




Fic. 1.— King Wall of Aswan 



from Futaijai-no-toge. 



I. Dobindiike. 3. Asosan (smoking). 3. Nekodake. 4. IbeBingWaU- 
6, Yudake. G. The Crstei Ploiu, n'itli villagee. clnmps of trees, and lice-fields- 



In 1793, during an eruption which extended over maa.^' 
days, a large portion of it literally blew up. The earthquake* 
that accompanied this outburst — the rushing in of the sea, and 
the falling boulders and fierj- rain of red-hot cinders — lai** 
waste the surrounding country, and took away the lives of fifty 
thousand of its inhabitants. The scenes which occurred daring' 
this eruption were too horrible for description, and, 08 o 
Japanese historian remarks, the terror and the ruin were un- 
paralleled. 

Turning round, and continuing the ascent, after a little 
more climbing we reached the top of the ridge called Futai^i- 
no-toge ; and here, before us, was a sight which was as striking 
as it was unexpected (fig. 1), because the ascent from the sea up 
to this point had been so gentle, being indeed only about V^" 
ieet. We had nat\mOLW es-^ecXftii. ^Caa.\, im. tk!>siVyuj, the 
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nit we should have before ua a descent equally easy, but 
ad of that we found ourselves standing on the edge of 
. was nothing more or less than a deep pit, which, so far 
■e could see, was nearly circular. The greater portion 
e sides of this pit were perpendicular cliffs of rocks, which 

and there, near their upper parts, showed the irregular, 
en stratification, so characteristic of the sides of many 
■rs. In places at the foot of these cliffs a sloping talus had 

formed ; whilst in other places (which, I may remark, 
few in number) the clitf-like forms had been so far 
ded that the sides of the pit formed irregular, but ex- 
hgly steep, slopes. Looking at this pit from the com- 
iing position in which we stood, I estimated its width 
ven imles ; and it was not until we descended, and tried to 
. across, and found how little was the progress which wo 
3, that we recognized how far we had underi'ated its truf 
msiona. In the middle of the pit, and running up far 
e its sides, there is a large, irregular block of moun- 
1, the central peak of which is always giving off large 
Is of steam. This peak was Mount Aso, the goal of our 
iiey. From the rim upon which we stood, by a zig-zag 
way, we quickly made the descent to the crater plaiu 
iv us. The depth at this point was about 600 feet. 
S.t the foot of these mountains the priests have their psr- 
snt rendezvous, and on the summit small temples and 
les, where during fixed seasons they reside, and receive the 
ds of pilgrims to the deities of the mountain. The number 
Igrims who ascend the famous Puiiyama everv year must 
lany thousands, and the fees the priests derive thereby, from 
.oil-gates on the upward paths which they have established, 
•ery numerous, and must form a considerable revenue. If 

visit some of these mountains at an)' other time than 
ippointed season, you may be refused permission to asceiid. 
'self was refused in this way at Iwakisan, one of the moat 
tiful volcanoes in northern Nipon. On another mountain, 
iaisan, I was subjected to a most curious treatment. I 
aenced ascending this mountiiin, and after scrambling over 
Its of lava, and up long fields of snow, I reached the top, 
: and weary, at half-past one o'clock p.m. My first impulse 

to eat and drink, but in this I was prevented by four 
its, who insisted that before satisfying either my hunger or 
ihirst I ought to pay my devotions at a small ehi'ine which 

had built. Being too tired and feeble to resist, I allowed 
1 to lead me into the shrine, where I di'opjied on my knees 
re the idol between two jiriests, who, after putting on their 
a of office, commenced to invoke the deity, and beat small 
as. After this, they opened a aniaU. dw»\; \q. ixo^ ci 
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me, and showed mc my reflection in a metal looking-glass, 
where I suppose I was expected to see the lines wlucE sm 
hod graven on my face. Next, one of them handed me a large, 
clean, metal bowl. Instinct told me that an opportunity was 
coming to satisfy my thirst ; so I took it reverentially ia my 
two hands, and the priest immediately filled the bowl up witn 
Japanese wine («flrA«), which I learnt afterwards had been dedi- 
cated to the gods. Never did nectar taste so good. After the 
first half pint the priest invited me to more wine, and, feeling 
faint, the offer was readily accepted. Again the offer came, 
but this was too much ; modesty overcame me, and putting 
downi twenty cents as an offering to the gods, I withdrew 
to my sandwiches. This was a Japanese sacrament, and I 
must say that I found it very good. The question now comes, 
What does all this moimtain-worehip mean ? The reply to it 
I think we find in Buckle, who shows us how the imagination 
of a people has been excited by all great natural phenomena, 
especially those like earthquakes and volcanoes. The terror 
which a volcanic eruption has caused, like that at Unsen, 
when fifty thousand people were slaughtered almost in one 
night, we have historical evidence to show has been the cause 
of many superstitions. The phenomena were so terrible, so un- 
expected, and at the same time so inexplicable, that to account 
for them superhuman agencies were invoked and gods created. 
In Italy and Spain it would seem that it is to these seismic and 
volcanic agencies that we are in a great measure to attribute 
not only the superstitious character of the people, but also their 
poetry and arts. In Japan, however, the most prominent 
result of these terrible catastrophes appears to have been the 
cultivation of superstition. Not only has the religion probably 
been to a great extent an outcome of the phenomena of nature; 
but if we examine into their literature, and observe their senti- 
mental reverence for antiquity, and the conventionalities in their 
art, we shall see that much of what is so peculiar in the national 
character of the Japanese may probably find an explanation by 
looking in a similar direction. This subject, however, is too 
large to dwell upon here. 

From the foot of the crater to Bo jo I calculated the dis- 
tance to be about five miles, and as this point was about half 
way across this portion of the pit the total width would here be 
about ten miles. From a map of the crater, which our host, 
who kept a small shop in Bo jo, made for me, the diameter in 
some directions must be fourteen or fifteen miles. This I con- 
firmed by sketching in the position of the crater upon a map 
prepared by the government. Looking on the map, inside the 
space I marked out as being the boimdaries of the crater, 
J coimted about eighty ^iSLag^^. l^SiX.-^ Qi^^^^Lla^^es^ our host 



i LARGE CRATER. 



341 



lid, were a moderate size. If these contained say on an 
verage three hundred people, then living in the crater there 
luat be from fifteen to twenty thousand people. 

Airj', in his Popular Astronomy, telb a stoiy of an early 
hilosopher, who, when writing a paper for the Royal Society 
itending to prove the truth of the Copemican theoiy, com- 
lenced for some reason or other with the assumption, ' Now we 
U know that hell is in the centre of the earth.' If this assump- 
ion is true — and it emanated from a member of a very learned 
ody — the twenty thousand people I have referred to are per- 
aps unwittingly living upon the lid of that establishment. 

The following account, which was given to me, of the last 
niption of Asosan, might, in the mind of that early philo- 
apner, have helped to strengthen his hypothesis : — ' During 
be winter of 1873 Bounds were heard, and white and black 
tnoke was observed proceeding from the top of Asosan. On 
be 27th February in the following year, whilst the wind was 
lowing from the south, the ground began to quake, and ashes 
''ere tnown out. What the thickness of the beds of ashes 
a the rice-fields was we cannot tell, hut near to us they ob- 
ained a thickness of one inch. The ashes covered everything, 
nd the leaves of the pine-trees and the wheat were turned 
;nite rod. At six o'clock in the morning of the 13th the 
ground again began to shake, and noises were heard on an 
Terage a hundred tiines an hour. On the 14th, at six o'clock, 
here were two or three very heavy shakes, and on the 23rd 
hege became still more violent. These shakings were so strong 
hat neither old nor young could sleep. They continued on 
he 24th, but on this day the eruption ceased. The material 
fhich was thrown out was of a grey colour, but afterwards it 
•eatme red. The greatest quantity of ashes fell at Kurogawa- 
rumi and Higashi-kurogawa. At the commencement of the 
ruption, which was on the Ist of December, 1873, the volcano 
hrew out atones one and two feet in diameter ; and four men, 
flio were working at some sulphur deposits on the top of the 
aountain, were immediately killed. Many hot springs burst 
'Ut, and so much sulphurous matter was tm-own into the river 
ihirokawo, which flows from this crater to Kumanoto, that all 
he fish were poisoned. Even up till the 3rd of March, 1874, 
hocks were felt, and material was thrown out which covered 
he ground for a distance of eighteen miles. During the day 
t was at times as dark as night. Previously, in 1806, there 
isd been another serious eruption. The fame of this mountain 
pread even to China, and in a Chinese book I found the fol- 
awing: — 

'Smoke rises up to the sky from mount Aso in Nipon, 
«ople say that in this mountain there is a ^nwviMia s.'UiDa ^ 
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a blue colour and shaped like an egg, which shines at mght. 
They worship this, and call it Antikokusan. The shining 
smoKc on the top of this mountain has three colours, which can 
be seen from a distance of three miles ; these three colours are 
blue, yellow, and red.' 

On the morning after reaching Bojo we started oS to ascend 
the central peak of Asosan. After a climb of about 200 feet 
we turned round to look at the crater which we were leaying. 
At our feet was a cultivated plain dotted over with dump of 
trees and villages, beyond wnich there was a line of fir-trees 
and Cryptomena. These formed a belt round the foot of the 
amphitheatre of perpendicular clifPs which intercepted any fur- 
ther view. Before us, but on the left, there was a rugged peak 
called Nekodake, a portion of which looked very like a rained 
crater. To the right and to the left of us was a wide expanse 
of sloping ground covered with brown grass. When we were 
400 feet above Bojo we came to patches of snow. As we neared 
the top we crossed one or two old lava streams and beds of 
ashes. At the height of about 2000 feet above our starting- 
point, or about 3600 feet above the sea, we were on a level widi 
the upper crater of Asosan, a huge black pit which was giving 
off vast clouds of steam. All the rocks which I saw up to this 
point were andesites, similar to those which form the ring-wall 
of the outer crater. Here we found one or two men who were 
engaged in collecting' sulphur. Upon our right there was a 
rounded hill called Dobindake, which rose almost 500 feet 
above the level of the crater. The extreme height, therefore, 
of Asosan above the sea-level is perhaps a little over 5000 feet 
From this position we had a good view of the big crater which 
surrounded us, as the slope on its outside is generally so gentle 
that it looked like a huge pit with perpendicular sides which had 
been dug out of the top part of a piece of ground in shape likfl 
an inverted saucer. On the northern side the cliffs which bound 
this pit are almost everywhere perpendicular ; but on the south 
side, which was the side towards which we descended, they 
were more worn away to form rugged hills. The cliff-like 
character, with its horizontally-stratified structure, could, how- 
ever, be in many places distinctly traced. That night, foot-sore 
and tired, we reached a village called Kurokawa. The only 
lodgings we could find were in a school-house, where, after a 
supper of biscuits, we shivered all night, lying upon the boards 
with our top-coats to cover us, our arms for pillows, and the 
thermometer somewhere below zero. 

Next day we left the crater, passing through a breach in 
its north-west side. It is through this opening that the Shiro- 
kawa flows, the river ^laiok mtk its tributaries drains the crater 
plain. 



A LARGE CRATER. 343 

Six days later, after walking many mileB along; roade whicli 
were often nearly a foot deep in mud, subsisting mostly on a 
poor vegetable diet, sleeping continually in our top-coats, caps, 
and all the clothes we could command, and experiencing snow, 
and rain, and hail, we were once more back enjoying the 
luxuries of Nagasaki. 

Now, how does the crater of Asosan compare with other 
craters in the world ? Amongsti those which are active it 
appears to be the larjjest which has hitherto been discovered, 
and even if we include those whibli are extinct, it appears to 
take the foremost place. 

Scope, in his valuable work om Volcanoes, amongst other 
remarkable craters, speaks of the following : — 

In St. Helena there is ' a trachytic volcano encircled by a 
broken ring of baaalt, the area of whieh measures eight miles 
by four.' 

In the Mauritius there is a crater the shortest diameter of 
which is thirteen miles. 

In St. Jago (Cape de Verde Isles) there is a similar crater. 

The Cirque of Teneriffe is eight miles by six. 

Pantellaria (near Sicily) has treses of a crater twelve miles 
in diameter. The rock is trachytic. 

Bolaena (an oval lake basin); twelve miles in diameter. 

Papandayang (Java), here there is a- hollow fifteen miles by 
BIS, supposed to have been formed by the blowing off of the 
pntire summit of a mountain by long-continued explosions. 

Bromo (in Java) is a crater four or five miles in diameter, 
^ntli perpendicular sides a thousand feet in height. 

Another point of interest about a mountain like Asosan, and 
one which would form food, for the speculation of almost every 
Tisitor, is the question ae to how such a crater has been formed. 

If I read Mr. Scrope aright, I must imagine that over this 
crater there was once a volcano, the upper portion of which, by 
a aeries of violent explosions, has been blown to atoms. In 
many cases the origin of craters in- a manner like this is no 
iloubt true, and this I may say, not because I should myself 
have imagined it, hut because competent witnesses have seen 
the operation actually performed. In certain cases, however, 
and certainly in the case of a crater like that which we see at 
Asosan, I should be inclined fo> modify the suggestion of such 
jaroxysmal causes and adopt something more gentle, and which 
to me seems more in accordance with the facts. 

If from the heights and distances which I have given we 
jnake a drawing of Asosan, it will be found that the average slopes 
iQ the outside of the large crater must be about six degrees, and 
if we were to continue this slope upwards, we obtain a repre- 
BentatioB of the portion, which, if it ever exiB\ft4., \i»r \«kq. 
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blown away. If such an occurrence has ever taken place^ J 
find by calculation that we have to account for tbirty-fiye cubic 
miles of material which represented the cone, and ahont 
seventeen cubic miles representing the crater, or in all fifty- 
two cubic miles of material which have disappeared. If the 
action was paroxysmal, surely some of this material ought to 
be found in blocks and boulders, distributed round the outside 
of the big crater. Although I crossed the outside mountain 
in two paths, I must say that I failed to meet with sucli 
material, in fact I do not remember seeing even a single 
boulder, all was smooth. 

If in spite of this we still hold on to the idea of paroxysmal 
actions, the only refuge which we have seems to be that the 
whole of this vast quantity of material was suddenly dissipated 
as dust. A conclusion of this sort seems to me improWe; 
and instead of regarding this crater as the basal wreck of 
some large mountain, I should be inclined to look upon it as 
being now as it ever was, the upper crater of an old volcano, 
inside which in more recent times a cone has grown. Although 
at the commencement of the mountain the action may have 
been cataclysmic in its nature, subsequently, however, I should 
think that it grew up higher, partly by the accumulation of 
ashes, but now perhaps by the boiling over of a highly liquid 
trachytic lava. That this latter action has taken place seems 
to be testified by the roughly stratified appearances which are 
exhibited in the ring walls ; the growth has, in fact, been 
probably something like the growth of Mauna Loa in the 
Sandwich Islands, or a geyser tube in Iceland. I may also 
add, that were we to suppose the upper portion of a mountain 
like that which must have existed if we complete in our 
imagination the truncated remains which bound large craters 
such as Asosan to have been blown away, we are, I think, 
assuming that the later eruptions of these mountains were more 
powerful than the first, whereas, I think, experience teaches us 
that the reverse is generally the case, as the action of a volcano 
continues by the quantity of material it piles upon itself. The 
hydrostatic pressure of its new column of lava, the increase in 
size of the cavity produced by evisceration in which we may 
suppose the actuating steam to be confined, are causes which 
will all help to make succeeding outbursts vigorous. No douht 
examples might be quoted to show the reverse of what is here 
suggested, but I think that many more examples might be 
collected to show its truth ; and certaioly if we could regard 
volcanic energy as a whole through all past times, the enfeeble- 
ment in volcanic energy which has taken place would be fully 
recognized. 

Amongst tiie large cta\.et^ '^^icv.Osi \ \i3K^^ ts^ssqIsq^^ 
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jse are the largest which are recorded by Scrope, it would 
m that Asosan, considering its size and its activity, is without 
ival. If we go further, leave the earth and compare Asosan 
h craters which we find upon our satellite the Moon, although 
jannot stand before a pit like that exhibited by Copernicus, 
ich is said to have a diameter of fifty-six miles, it neverthe- 
i may be regarded as an example of healthy competition. 
As an active volcano, however, it still holds its place ; and 
America boasts of the largest waterfall, and India of the 
hest mountains, in one of the most prominent classes of 
ural phenomena Japan, also, will be able to take an equally 
•minent position. Further explorations may perhaps lead 
the discovery of craters which will excel Asosan ; but so 
as present knowledge is concerned, amongst the active 
ters in the world, as yet Asosan appears to be pre-eminent. 
And now not only may the Japanese boast of possessing 
) of the most beautiftil of volcanoes, which mountain is the 
-famed Fuji, but they may boast of one of the most remark- 
e of craters. 
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FRESH-WATER KHIZOPODS.* 

TT7E often enoogh hear of the great effects produced in the world l)y the 
Y f smallest organisms ; and one of these seems to be their giving origin 
to big books. Ehrenberg's Infusiomtheichen and Mikrogecioffie are laige 
folios, and many authors have devoted stout quarto volimies to the publica- 
tion of their researches upon Infusoria, Foraminifera, and Radiolaria. To 
this number we have to add Prof. Leidy, who has just brought out a mag^ 
nificent volume upon the fresh-water Rhizopods of North America. This 
work is a posthumous publication of the detfunct Geological Survey of the 
Territories, which, under tTie able superintendence of Dr. F. V. HaydeD, did 
so much admirable work in various departments of natural history ; and we 
are glad to see that, notwithstanding the change that has taken place in 
the arrangements of the United States Surveys, the investigations inaugu- 
rated and carried on by Dr. Ilayden and Ins assistants are not likely to be 
lost to the world. 

Prof. Leidy has devoted several years to the investigations of which 
the results are published in the work now before us. Besides collecting 
assiduously in the vicinity of Philadelphia and other parts of Pennsylvania, 
in New Jersey, Connecticut, Rhode Island, and Nova Scotia, on the Atlantic 
side of the continent, he has devoted two seasons to an examination of the 
forms inhabiting some of the far distant regions of the west — especially the 
Bridger Valley, in the south-west of Wyoming, and the Uinta Mountains, 
in the same region. In the last-mentioned loca'Ety he pursued his researches 
up to an elevation of 10,000 feet. 

Of course it is unnecessary to say that such investigations do not by asy 
means make us acquainted with all the forms of the groups here treated of 
which may be found within the vast territories of 1ihe United States, nor 
does Prof. Leidy claim to have leven appox)ximate3y exhausted his subject 



* Report of the United States Geological Surveg of the Territories. Fol. 
^11. Freshrwater Hhtzopods o/ Narth America. By Joseph Leidy, MJ)- 
4to, Washington: Qo\eiimiQiil^m\Asv^Q^'!»,\^l^« 
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ibject, and that of Dr. Ilayden, in the production of the work, waa to 

oljservers in the States what a wealth of interesting objects awaited 

invest igalion, and to furnish, a, trustworthy guida-hook which would 

3«ble them to know what had alrsftdy been done. 

At the same time, we think that the author has indicated (not only here 

; io scattered papers published during the progress of bis researches) that 

«e lowly organiams are much more generaJly distributed than was formerly 

uppoeed. He says ; ' Freshwater Rhizopoda are to be found almost ecery- 

rbtiK in positions kept continuously damp or wet, and not too much shaded. 

hey are especially frequent and abundant in comparatively quiet waters; 

leur, and neither too cold, not too much heated by the sun 

^j are also frequent in wet bogs and savannas, among mosses, in springy 

ilacei, on dnpping rocks, Ike vicinity of waterfalls, springs and fountcdns, 

" a marshes, wherever the ground is sufficiently damp or moist to pro- 

the growth of elgs. They are also to be found in damp, shaded places, 

jDODg al^, liverworts, and mosses, about the roots of sedges, rushes, and 

t, or those of shrubs and trees growing in or at the borders of bogs and 

loads, or along ditches and sluggish water-courses. They are likewise to be 

ouud with algce in damp, shaded portions in the depressions and fissures of 

ika, in the mouths of caves, among decaying logs, among mosses and lichens 

the bark of growing trees, and even in the crevicee of walls and pavements 

ibout old dwellings, and in cities.' * And to encourage the student to work 

ipon this abundant and almost ubiquitous material, he adds that it is a mis- 

4ke to suppose that a very elaborate microscope is necessary for its eiamina- 

lOD, such an instrument as may he procured for about 10/, being generally 

iiffident for every purpose. We may add that he gives full directions for 

Qllecting the animals in various locidities. 

Dr. Leidy regards the Rhizopoda (which he accepts in the old sen^of the 
erm) as including Ave orders, namely, Frotoplasta, Ileliozoa, Bodioloria, 
' oraminifera, and Monera. Of the last he candidly admits that he knows no 
reshwater form, unless VampynUa (here referred to the IleUozoa), which 
3&'kel places among his Monera, really belongs to that group. The Eadio- 
aria are marine ; of the Foraminifera our author admits one freshwater 
Jje, Orornia; and the rest of the forms deaoiibed by bim belong to his 
liders Protoplasts and Heliozoa. The Protoplasta includes the whole of the 
^Jiueboid forms, whether naked or shelled [Protoplaita bboia), as well as 
IwEuglyphoid types {P.Jihsa); to the Heliozoa are referred AdtTiapkryi 
Uld AetinospheBriwn with the allied forms which have been made the types 
if distinct generu by various authors, and also, aa already stated, the genus 
yampyrella of Cienkowski. The only representative of the genus Orornia, 
leacribed aa a new species (^Grotiiia terricola), waa found with RotiferH and 
•ther organisms among moist moas in the crevices of pavenoent in a yard in 
Philadelphia. 

It is impossilJe to estimate too highly the care and labour that Prof, 
jeidy has bestowed upon the preparation of this splendid work. All the 
onus discovered bv bint are described in the most careful manner, as regards 
loth their form and structure, and their habits ; and the opinions of authors 



Lists of forms obtained together ^Ulbe fouad.a,t^^.2S9-3S^ 



348 POPULAR SCIENCE REVIEW. 

on this side of the Atlantic are cited and discussed, where necessary; in great 
detail. Taken in conjunction with the beautiful series of forty-eight coloured 
plates with which the descriptions are illustrated ; this portion of the yfotk, 
a^ a moans of distinguishing the organisms, and as a ' recreation of the eje/u 
old Knorr has it, leaves little to be desired. But we cannot help thinking tkt 
the author would have done better, and have given his work a far higher valoe, 
had he taken a rather more philosophical view of what is wanted in the shape 
of genera and species in the classification of these lowly organisms. The multi- 
plication of generic names especially is a continual stumbling-block to eveiyoiie 
but the mere specialist ; and when we examine the beautiful figures here given 
and compare them with the observations and figures of Dr. Wallich (Am, 
Mag, Nat. Hitt.. 1864), one is driven perforce to accept the views of the latter 
distinguished observer^^and to hold that, for the purposes of science, the esta- 
blishment of species and genera upon slight variations in the form and structure 
of little cases like those of the Difflugia and Euglyphce, is worse than useless. 
Nay, Prof. Leidy himself evidently holds a very similar opinion, for he cites 
the authority of such observers as Carpenter, Williamson, Wallich, Brady, 
Parker, and Jones to show ' that the naembers of the class are infinitely vari- 
able, and that indeed no absolute distinctions of species and genera exist, such 
as appear more definitely to characterize the higher forms of animal life.' 
lie adds : * My own investigations rather confirm thiis view, and, under the 
circumstances, we can hardly regard the more conspicuous and prev^liog 
forms as so many nominal species, in likeness with the species of higher 
organic f orms> more or less intimately related, and by intermediate forms, or 
varieties, merging into one another ' (p. 6). This seems very nearly to ex- 
press the state of the case ; but because there are no well-marked or easily 
distinguishable groups, it by no means follows that it is of no consequence 
how many groups we adopt. 

In these remarks we have no wish to detract from the value of Prof. 
Leidy's magnificent work, which is not only a splendid monument of muci 
labour carefully and intellipfently performed, but also a most important and 
indispensable book for the investigator of the lowest forms of animals. We 
congratulate him heartily on its completion, and on the exceedingly satis- 
factory manner in which it has been produced. 



METEOROLOGY.^ 



There has lately been an addition to the Literature of Meteorology '"^ 
the shape of two pamphlets, each of which merits some notice. The first 
issued officially by the Meteorological Office is entitiled Aids to the Study ad 
Forecast of Weather ; and the second by E. J. Lowe, F.R.S., is called 7%« Con^" 
ing Drought, or the Cycle of the Seasons, loith a Chronological History ofoS>^ 



* Aids to the Study and Forecast of Weather, By W. Clement Ley, M.A. 
8vo. London : Bemrose & Sons. 1880. 

The Coming Droughty or the Cycle of the Seasons, By E. J. Lo^' 
F.R.S. 8vo. London ; Bemioaei &L ^cm^, \^^» 



Di-mighii and F\-oita as yet found recorded from a.d, 134 io thepraaeni Time, 
1 titlH that irresistibly reninds the reader of the black-letter boUads nf aome 
enturiea ago. Both booka have one object, the very important one of 
liowiDg how in our very variable climate the weather may be foretold ; 
lutthe scope, the matter, and the inveatigationa are very different in the 
wo esses. In Mr. Lowe's pamphlet we have iaformatioti extending over 
«iitiirieS, obeervations collected from all quarters of the globe, tha results 
Emralized, and a large margin given ; while Mr. Ley's work contains all 
heminutim of the science, the small meteorological phenomena of every-dsy 
ife being tliere noted and eiplaiued. Neither work pretends to greater dia- 
indJon than that of being a short sketch of the subjects of which it treats j 
nd in the case of Mr. Lowe's boot, it is avowedly an introduction to a 
aore important work which is now in course of preparation. 

Tbe ' Aids ' is divided into three distinct parts. It deals first with the 
Wflt important non-instrumental observations to which attention should be 
iven by the student of the weather ; secondly, with the relations which 
list between the winds and the distribution of barometric pressure ; and 
birdly, with the conditions of wetither which attend and charactaiize 
tmospheric disturbances. 

With the exception of a few words es to ' backing ' end ' veering,' wind 
baervations are shortly diamisaed, and the author passes on to the subject 
'Clouds. To this Bubject he has evidently given his closest attention, and 
evident from his remarks that by closely watching the varieties and 
of clouds, good guesses as to changes of weather can be made 
ro or three days in ad\'ance. Other weather signs are then 
iflcussed by the author, and the various proverbs, ' The observations of the 
Jaaj set forth by the wit of one,' are sdentificaHy explained, and either 
iDtirnied or refuted. It would, in our opinion, have been preferable had 
116 part of the book been very considerably extended ; instead of only 
ght pages out of thirty-eight being devoted to this popular and non- 
latnunentalpart, it might at least have been expanded into three times the 
WW with a corresponding abridgment of Parts II. aiid III. Part II. deala 
ith the relations of presaure and winds, not only in our immediate neigh- 
Jurhood, but in all parte of the globe, and very pretty and interesting 
lamplos of the cyclones and anti-cyclones are given, together with the dr- 
Jationof the winds round these centres; but throughout the whole of this 
irt there appears to be a more or less general reproduction of the matter 
tioh was given to the world in Mr. Scott's Weather Charte and Storm 
I'amjngs, and the whole of this division pre-supposes the possession of the 
either charte, and the time to study them. 
Part in. gives us again a quantity of useful and popular information as 
changes which may, and do actually take place over our heads ; and at 
e concluMon specimens are given of the sort of forecast which an observer 
1 make, even without the aid of the weather-maps, a desideratum which 
nnot be too strongly insisted on. At the couclusion, the author has given 
o maps of the mean atmospheric pressure and prevailing winds for the 
inths of January and July, the principal phenomena in which are noted in 
> chapters on those subjects. Speaking about these charts, he says that 
' find areas of low pressure ffl'ound the puks, bub tluadwia'ociit.-^-^btt'ui j 
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be 80 in the January chart in the case of the North Pole ; and the fact that 
north-eaat winds are reported from Iceland and Greenland, proves the 
existence of high pressure in the high latitudes. 

Turning to Mr. Lowe's pamphlet, we find that he starts with the 
assumption which every meteorologist seems so disposed to admit, yet finds 
so difficult to substantiate, viz. that a cycle of the seasons exists, though its 
precise period has yet to be ascertained. Mr. Lowe himself is satisfied that 
the cyde is about eleven years, thus agreeing with the Sun-spot theorists 
(though throughout the book there is no reference to sun-spots, or to this 
agreement), while at the same time he considers that at every ninth cycle 
the phenomena are much intensified. 

An extraordinary amount of trouble has undoubtedly been expended in 
the compilation of this work, and the authorities being quoted, an immense 
assistance is thereby afforded to any one continuing the investigations. That 
further investigations are needed is, unfortunately, most true, for we find 
that during the past six centuries fifteen droughts were accelerated one 
year, and nine were retarded one year, while six were accelerated two years, 
and four retarded a like period. This compels us, in giving a forecast, to 
allow a margin of four years for possible eventualities, a margin which is 
much too large to give the forecast a practical value. This value may, 
however, very shortly be tested, as Mr. Lowe considers that with last 
October there commenced three years of drought and frost, a forecast 
which every succeeding day will go to prove or refute. 



HEAT.* 

PROF. TYNTDALL'S well-known treatise on the mechanical theory of 
heat has now been out of print for a considerable time, so that the 
appearance of this sixth, revised and enlarged edition, will be welcomed by 
many students. Foimded as it is upon his lectures delivered at. the Royal 
Institution, and retaining the lecture form in its chapters, while the numerous 
experiments which the Professor delights to bring before his audiences are 
copiously illustrated by figures of apparatus in use, the style in which the 
information is conveyed to the reader has a freshness and vigour about it 
hardly attainable by any drier mode of treatment, and one is at no loss to 
understand the great popularity that this book has so long enjoyed. In his 
new edition Prof. Tyndall has evidently been careful to work in the most 
recent results of physical researches in the somewhat wide field that he 
undertakes here to open up to his readers, his book, as is well known, dis- 
cussing a host of phenomena with which heat is more or less immediately 
concerned. 



*mat a Mode of Motion, By John Tyndall, D.C.L., LL.D.,F.RS. 
Sixth Edition. 8vo, London : Longmans, 1880. 



FL0WEK3. 

WE have received two little booka intended to aid the student during his 
earlier stepa in the practical aludy of botany. One of these ii 
pamphlet* fur the uae of beginners, and for teachera in schoola, arranged 
somewhat on the eame model aa a email book by Mr. Henslow, which we 
noticed eome time aincs. The author, Dr. Andrew Wilson, haa selected the 
(ollowing illuatrBtioiiB of floral structure,^thB buttercup, wallflower, prim- 
Rwe, apple, dead nettle, tulip, daffodil, iria,pea, and daisy; and his eiplsoa- 
tion of the Btructure of these, and of the mode in which it may be inve 
gated, is exceedingly simple and clear. Jn a concluding section he notices ■ 
the conditions which modify flowers, and gives examplea of schedules for J 
filling up with the characters of those examined by the student, followed by 1 
a brief lesson on the general physiology of the pluit, which contains a great \ 
amount of useful information in a very small apace. 

The second hookf is of a more ambitious character, and is intended for ' 
the behoof of more advanced students. It consists essentially of a sariet 
analytical tables of the natural order and genera of Uritish flowering plants 
and fema, arranged on a peculiar principle :— The left hand pBge in each 
opening contains a table of aymbola indicating the Horal character, and those 
of the leaves and fruit, with the name of the order or genua thus illustrated; 
on the opposite page we find brief characters of the respective groups, with 
the English name of the type form. These tables are preceded by a short 
glossary of t^rms, and followed by a table showing the numerical strength of 
t!ie different natural orders in the British flora, and by a catalogue of the 
Fpecies of British plants. 

It is a somewhat curious eiperienco to be set to read the charaetera of 
plants by means of a system of picture-writing, and in examining the book 
one feels at first a little puzzled to know what some of the symbols mean ; 
but on further examination the rough places become smooth, and we havs 
no doubt that Mr. Messer's book will prove a considerable boon to young 
students of botany. Of course the figures are all purely diagrammatic: but 
the book is very nicely printed and got up. 



PUEE AND APPLIED MATHEMATICS.J 

THIS is, for the most part, a carefully edited print of the note-book of a 
teacher of mathematics. Its leading idea is undoubtedly that of a repeti- 
tion book for 'cramming,' and it seems to us that it is not only wefl adapted 

• Introduction to the Stadij uf Flowers, beiiiff Practical Exercisfs in 
SUtnenlary Botany. By Andrew "Wilson, Ph. D.,F.1{.S.E. 12mo. Chambers; 
London and Edinburgh, 1880. 

t A New and Ea^ Method of Stodging Sritith Wild Flo^i)er» ; Being a 
Complete Series of lUustratians of their Natural (h"dera and Genera, ana- 
iytii^aUti arranged. By Frederic Jlesser. 8vo. London; David Bogue. IbSO. 
J A Syn'ipeis of Elementary Results in Pure and Jjiplied Mathematics. 
By G. S. Carr, B,A, London: C. F. Hodson & Son. Vol I. part i. ("iv. 
' d 266). 
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for this its main purpose, but that it would be doing it some injustice to call 
it a mere cram-book. The author*8 notion was to supplement the use of the 
ordinary text-books, with the view of assisting the student in the task of 
revision of book-work, and, in the author's own words, ' To this end I We, 
in many cases, merely indicated the salient points of a demonstration, or 
merely referred to the theorems by which the proposition is proved. I am 
convinced that it is more beneficial to the student to recall demonstrafioiu 
with such aids, than to read and re-read them. Let them be read once, and 
recalled often.' This is a sound view of mathematical teaching, whether tEe 
object of that teaching be a mere cram for a tripos, or the preliminary griod 
which is necessary to all high reading. 

Besides this, the author has endeavoured to make the book a general 
aide-memoire. In this we think he has not been quite so successful, the 
scholastic requirements of arrangements interfering not only with the fadlitj 
of reference, but also governing the subject-matter, especially in respect d 
that concreteness which is so necessary for practical uses, and so much out 
of the direct line of usual instruction. As a work of reference*it is not so 
well planned as another Synopsis by another Mr. Carr, of which a second 
edition was published by Weale in 1843.* 

With a view of making the book one of reference, there has been prefixed 
to it a chapter containing an account of the centim^tre-gramme-second sp- 
tern of units, and some mathematical tables, chiefly in very short abstract, 
but with two tables fully given — a factor table from 1 to 99,000, reprinted 
from Burckhardt, and a table of the Gamma function, reprinted from Legeih 
dre. This set of tables does not appear to us to be very well selected or 
arranged, nor to be of much utility. Moreover, as the first volume is con- 
cemed exclusively with pure mathematics, the physical units are rather out 
of place in it, and might advantageously have been reserved as an introdue- 
tion to the applied mathematics which are to be included in the second 
volume. 

The part before us includes algebra, the theory of equations, and dete> 
minants, plane and spherical trigonometry, elementary plane geometry, and 
geometrical conies. Of these it seems to be a well-selected synopsis, well 
arranged too for its chief purpose as a book of repetition, and containing • 
good number of useful theorems, especially in the algebra, which are not 
usually to be found in the books of elementary reading. Among them we note 
Gauss's resolution of a hypergeometrical series into a continued fraction, and 
various theorems upon equations and determinants. 

The type, and paper, and the general ' get-up 'of the book, are not at all to 
our taste. It is, however, clearly printed, and there is a good table of con- 
tents. On the whole, if the work, when complete, is supplemented by » 
good index, it will occupy a place not filled up at present. 



* There is a curious story about this book. It was printed in Durham 
some years before the above-mentioned date, and soon became out of print 
and scarce, although it was known that 6000 copies had been struck off. Id 
1842 the stock of a London publisher came to tne hammer, and among the 
remainders were found, in sheets, 3500 copies of the work. The re-issue d 
these formed Weale's second edition. 






THE IKDUSTKIES OF INDIA.' 

ON the recent diaintegration of the coUectionH which were contained in the 
Ettst India Museum, all the botanical specimens were tranaferaed to Eew, 
while the zoological, the minerftlogica!, and the architectural specimens passed 
a the British Museum. There remained, however, at Kensington a vast 
munber of valuable objectB illustrating the arts and industries of Lidia, which 
lormed in fact the most popular part of the old Museum. These objects have 
ieen transferred from the India Office to the custody of the authorities of the 
Science and Art Department, and they are consenuently now eihihiled as a 
port of the South Kensington collections. The transfer was primarily 
sfiected for the purpose of relieiiug the Indian Exchequer of the cost rf 
maintaining a museum in London; while under the new arrangement the 
guardianship of tlie collections throws no additional burden upon the Impe- 
rial Exchequer, since it has been undertaken by the staff of keepers who 
already had charge of the Soutli Kensington Museum. As soon as the 
Kensington authorities obtained possession of the collections they commls- 
woned Dr. Birdwood, of the lodia Office, to prepare a Handbook which 
Bhoold form one of the series of works on art in course of issue by the 
Ihpartment. The result of Dr. Birdwood's labours is seen in the interesting 
■work now in our hands. 

So closely are the arts of India interwoven with the Tarious religious 
lieliefs of the people that no thorough appreciation of native art is possible 
^thout some familiarity with Hindu mythology. The author has, there- 
fore, devoted the early part of his work to a description of the Hindu 
pantheon. In tbe second part he deals with the master handicrafts of India, 
Iirincipally with the metal-work, the jewellery, the pottery, and the textile 
imducta. This part is, to a great extent, an enlarged reproduction of the 
luthor'a well-known Handbook of the Indian Court of the Paria £xhibtiion of 
1^78. It should he distinctly understood that the pesent work is not a 
Xiere Guide to the Indian Musenm, much less a Catalogue of its contents, 
it is, in truth, a pleasantly-written book, full of information on the arts, the 
'eligion, and the social life of India — a work which may be read at home 
without the slightest reference to any particular collection of Indian products. 
hi fact, if we are obliged to Snd any fault with so good a book, it is in the 
Section of discursiveness rather than of elaboration. Taking, for eiample, 
tile chapter on Indian pottery we find that considerably more than half the 
^nce is devoted to a description of village-life and land-tenure in India. 
*t should be added that Dr, Birdwood's volumes are copiously illustrated by 
Excellent wood-engravings, but we regret that they are not furnished Witt 
*a index. 



• The Indmtria! ArU of India. By George C. M. Birdwood, C.S.I.,M.D. 

^tii Mup and Woodcuts. 2 vols. 8vd. London : Obapman & Hall. 
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RAMBLES IN SEARCH OF MINERALS.* 

A MOURNFUL interest dings to this little book as being the last wcnik 
which issued from the active pen of the late Prof. Ansted. Perhaps 
no science is more difficult to popularize than Mineralogy, since its veriegt 
rudiments cannot be understood without some scant knowledge of 8oM 
geometry and of chemistry. Notwithstanding the necessary exdudon of 
crystallographic and chemical expressions. Prof. Ansted has contrived to 
give intelligible descriptions of a number of minerals, and to convey to the 
reader in a pleasant goiisipy way a great deal of information about theb 
mode of occurrence. The volume forms one of a series entitled Natwd 
Hi$tory RanMe; but the ramUes in this case must necessarily be takn 
rather far from home, dnce the prindpal part of the book is devoted to a 
popular description of gems and various ornamental stones which are not 
likely to be met with in any part of the British Islands. But if gem-stoneB 
be taken away, mineralogy loses nearly the whole of its popular dement, and 
we are consequently not disposed to cavil at their intrusion into our Natwd 
Hiitory RanMes, 



GUTHRIE'S ELECTRICITY.t 

THE critic finds his occupation gone as he reads on the title-page of tins 
work that it has already reached the ' Fifteenth Thousand.' Sacht 
sale 18 alone suffident to show that Dr. Guthrie's tertrbook has been foond 
widely useful to students of physics. Having used the work in class-teaching 
the present writer can testify without hesitation to its sterling worth. The 
work is based upon the lectures which the author has been in the habit of 
delivering in his annual course at the Royal School of Mines. It is to 1* 
regretted, however, that successive editions are not revised so as to keep 
pace with the advance of electrical science : we fail to find, for example, 
any reference in the Index to such subjects as the Tdephone and Micro- 
phone. 



THE SUPERNATURAL IN NATURE.^ 

^T^inS very able book, published at first anonymously, has reached a second 

-■- edition, and its success has determined the author to reveal himself ami 

also to thank some well-known scientific men for their help. The object i 

* Natural History Rambles : in Search of Minerals. By D. T. AnM 
M.A., F.R.S. 8vo. London : Society for Promoting Christian Knowledgft 
1880. J -^ 

t Magnetism and Electricity, Collins' Advanced Science Series. ?f 
Frederick Guthrie. With 300 Illustrations. Svo. London and Glasgow: 
\Vm. Collins, Sons, & Co. 

X The Supernatural in Nature^ a Verification by free vm of Science. ?[ 
Rev. Joseph William Reynolds, Ptesident of Zion College. Svo. London ; C- 
Kogan Paul and Co. IBBO. 
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le work is to reconcile science and Scripture; and it b written for the h 
: the true lovers of science ' and other truth-loving men, who are in danger 
! being heguiled bj the Bophisms of an imperfect science.' And the author 
^des that phyacal science is the sister and handmaid of Etivelation : that 
3 lasting antagonism can exist hetween them, nor will man lastingly receiva 
reli^on that requires antagonism. lie considers that science has not jet 
ivaaced far enough to estaUiah perfect accord with revelation, hut is 
mding thither; and when attained, the ganeralizatioai of science will no 
inger he doubtful hut assured. His aim is to promote that agresmenb hj 
liowing the correspondence hetwaen trulj sdentific conclusions and Holy 
^rit; by exposing haatj generaiizalions which appear contrary to revelit- 
ion, by maldng it plain that science is knowledge as exact as is possible to 
init« wisdom, and that scientific truths like the spiritual have for ever 
tten descending from heaven to man. The author notices that the most 
mlliant scientific work of late years ha? been amongst the ' unseen,' and 
iiat the connection of all vidble things with the invisible is plain enough, 
rha multitude of inexplicables, the impossibility of comprehending ultimatea, 
ud the fact that scientific orthodoxy becomes scientiQc heresy with the pro- 
^rese of induction and observation, together with the vast unknown, oU tend 
Mtonly to make the true student of science humble, but also disposed to 
uliait powers and energies environing everything and beyond the ken of 
DatuTe. 

The book is full of most accurate icientific statement, and the amount of 
'Iiy^cal, Uological, and astronomical learning displayed is very great. No 
Dicharitable remarks deface the work, and it is written in a grand style 
Fhicb often rises to great eloquence. There is no other book of the kind, 
nditmust he most valuable to the preacher who will condescend to instruct 
le hearers on something else than dogma, and to the conscientioua theolo- 
icai student. 



LAND AND FRESIRVATER SHELLS.' 

MB. EIMMER has published an excellent little treatise upon the Land 
and Freshwater Shells of the British Isles, and one which will, 
loiibtless, be found exceedingly useful by many young students. He tolls 
IB m his preface that he has 'followed the author oi Britieh Cimcho^ogyia 
liie method of arrangement, as well as in the nomenclature which he has 
Copied ;' and on the same page he acknowledges his indebtedness to the 
iulhor of that work, Dr. Gwyn Jeffreys, so that we can nndersland the close 
agreement, not only in arrangement and general treatment, but actually in 
■"6 wording of the descriptive parts that prevails between the two books, 
however, the author could hardly have followed a better model, so that 
"a readers have certainly no reason to complain. 



, * The Land and Freekwater Shellt of the Britkh Idet. WVCb Illustra- 
■ons of all the Species. By Richard Eimmer, F.L.S. 8vo. London: 
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Mr. Bimmer has added localities for many of the specieB from liia own 
ol)flervation«i from those of correspondents, and from local lists pubMed 
in journals; he has also in some cases added information on the natiin] 
history of the animab, and introduced in their proper places a few species 
difloovered or admitted to specific rank, or admitted to British dtii^iship 
since the publication of the first volume of the British Concholoffy,80iiai 
his book may be taken as a good and trustworthy expodtion of our present 
knowledge of the British territorial and freshwater sheUs. We notice one 
curious statement, however, an explanation of which would be desirable. 
The author says that the Sphasriidsd have the si]^ons placed in front, instead 
of at the posterior end of the body, an assertion which is rather startling. 

Following Dr. Jeffreys' example, Mr. Rimmer has given the accentuation 
and translation of all the generic and specific names occurring in his book, 
and these occur again, together with the terms used in description, in a j 
glossary appended to the work. The mode of pronimciation of the words is 
also indicated, in a very effective, if rather grotesque fashion. 

The little book is illustrated with ten plates, giving figures of all the 
species, mostly reproduced from photographs by the ' Albertype procett.' 
We must confess that, although some of the figures, especially dl the laigff 
shells, are very beautiful, and nearly all of them, except the minute onefl^ 
furnish a fair idea of the objects represented, we must still adhere to the 
conviction that we have entertained for many years, that photography v 
not adapted to produce satisfactory illustrations of natural history objecta 
Of two sets of species, namely, the slugs, on account of their restlesBDeei, 
and the species of Vertigo^ on account of the minuteness of the characten 
of the mouth, which had to be represented, the author has given good litho- 
graphed figures. 

We hope that Mr. Rimmer^s labours may be rewarded as he desires, by 
the diffu^on among the people of a taste for investigating the natural 
objects which everywhere surround them in such profusion ; and that he 
wU soon find in his rambles that he b no longer regarded by chance passen- 
by as a harmless lunatic escaped from some asylum. 
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ANTHHOPOLOGY. 



^tce, a 



WMtnt of the Stone Age near Tyre.—M. Lortet has commumcated to 
Wich Academy (COTHjrf?»5«irfi«(, 16th August, 1880) the restilta of 
^pIoratioBB msAe hy him at Himaoueh, a small Tillage among the 
ast of Tjre, at s distance of about two hours and a half from 
,nd cloee to ' Hiram's tomb.' To the north of this, upon a hill 
s of a Fhenicimi citadel, inveatigated hj M. Kenan, and nt ita 
irtndB a wild and barren valley (Wady-el-Ahkat) deeply cut into the 
deposita of a cretaceouH limestone. Following the left wall of this 
3 to the eastward, M. Lortet eame upon some rocli escarpments, which 
d for a long diatajice, and upon them were carved in Iiigh relief a 
«T of small fitatacB, from O'SO to 1 metre in height, having all the cha- 
rs of a very high antiquity. A little way from tlieaeMngular monumentB 
3 foot of an abrupt artificial face, about 4 metres in height, there were 
ions blocks of a reddish rock, so hard as to he almost unbrealiable with 
ammer, Thia rock proved to bo a conglomerate or breccia containing 
ids of worked flints, and numerous fragments of bonts and teeth. The 
ill round was strewn with roughly-worked flints, among which were 
9 aud scrapers of the so-called Monstierian type. The flints are 
»■ or black, and of very fine grain; those in tlie blocks are often es- 
, at the surface by the action of the weather, but the rock is so 
fively hard that it is almost imposable to detach theiu from the 
ie, and they break ratlier than separate from the cement tliat holds 

Hew fragments of teeth, extracted from this intractable matrix are 
Bred by M. Lortet to indicate the genera Cermis, Capra (or Ibat), 
ibd E^v». M. Lortet remarks that this station seems to date from - 
jKwt remotfi antiquity. The flints present a very primitive form, much 
archaic than those found in the cavys of the Nahr-e!-Kelb, near Bey- 
^«iid a long series of centuiiea would be necessary to give to these 
IB remains a hardness equal to that of the most compact porphjTy. 
&ak sthat this matrix must have been formed in a cavern, the roof and 
llrf which were subsequently removed by the Pioto-PtenidBAia, 'k'qsj 
WSEKIES, VOL. IV. KO. XVI. 
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worked the rude fifrures above mentioDed. The breccia, being too liard for 
their tools, was left by them exposed as it is now found. M. Lortet does 
not, therefore, regard the makers of the flint implements and the artists of 
the statues as one and the same people ; and he remarks that it \s interesting 
to find here within a very limited space the traces of three races which 
have successively inhabited the country, namely, palaeolithic man, the 
I*roto-Phenician8, and the Phenicians of historic times, whose works aboond 
in the neighbourhood. 

An extra Bofte in the Human Wrist, — Dr. Eugene '^ncent has found an 
additional (ninth) bone in each wrist of an old Arab. The first row of ca> 
paL« CI insisted, as usual, of four bones, but the second row had five ; the sap* 
plementar}' bone, which was equal in size to the pisiform, was between the 
tra]x*zium and the grande, audit was applied against the scaphoid above and 
the trapezoid in front, but articulated by one of its faces with the second 
metacarpal. The structure was the same in both wrists. • The Orang and 
most of the lower Apes regularly possess a ninth bone in the carpus, but this 
differs Somewhat in position from the bone found by Dr. Vincent, and does not 
appear to reach the second metacarpal bone which is nearest to it In the 
Quadrumana, Cuvier considered the supplementary bone to be a separated 
portion of tlie grande ; but according to the opinion of M. Aliz it is rather a 
dismemberment of the scaphoid. Dr. Vincent regards the ninth bone in his 
Arab as probably derived from the trapezoid, which was much reduced in 
size. — {Compte Rendu de V Assoc, Franq,, 1879.) 



ASTRONOMY. 

Secular Acceleration in the Mean Motion of the Moon, — At the April 
meeting of the Royal Astronomical Society, Sir George Airy read a paper 
on the * Theoretical value of the Acceleration in the Moon's Mean Motion in 
Longitude, produced by the change of ^Eccentricity of the Earth's Orbit,' in 
which he advanced the opinion that the true value of this acceleration was 
really 10"* 1477 per century, and not 6"" 18 as generally supposed by astrono- 
mers. The true value of the acceleration in the mean motion of the Moon 
produced by the gradual diminution in eccentricity which the Earth's orbit 
is imdergoiiig, is a question which was warmly discussed by astronomers 
some twenty years ago, but which has been considered definitely settled 
for the last fift^'en years, so that Sir George Airy's paper created much 8iu^ 
prise. The whole question is purely a mathematical one ; it can only be 
settled by mathematical analyses, and is one about which there ought to be 
no doubt. The existence of a gradual acceleration in the motion of the Moon 
had been known for a long time, but the explanation of its origin had been 
sought in vain by astronomers, until it was discovered by Laplace that the 
diminution of the eccentricity of the Earth's orbit would produce such an 
acceleration. Laplace calculated its value approximately, omitting a number 
of terms which seemed too small to be sensible, and found it to be equal to 
J0"*1816 per century, w\iic\i Nv«ia\xi^TlfeQX ^sccot^ VvXk tiua-t which seemed 
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idicuted hy the observatione, namely, 10"'3. The nf^i'eement wm so close, 
Laplace did not consider it necessary to push Lb culculationa nny 
iither. Subsequently other astronomers did push the calculation further, 
thing into account a number of small factors omitted by Laplace, and found 
y''63 for the theoTetical value, and WS for the observed value. lu the 
1853, a remarkable paper was communicated to the Koyal Society by 
iof. J. C. Adams, and in this memoir it was clearly shown that these later 
Eitronomers had taken into account only a portion of the terms omitted by 
«plac«, and had entirely overloulied a tamt important class of these ad- 
jtional terms. Taking all these into consideration. Prof, Adams showed 
ihat the real value of this acceleration produced by the variation in the 
wcentricity of the terrestrial orbit, was only 6"'20. For some time Prof, 
Uams' paper did not excite the attention it deserved; hut during the period 
L858 to 1863, Prof. Adams' investigation was warmly discussed by all the 
fHiliiH^ maatera of the lunar theory. In the end, the correctness of Prof. 
Adams' remits were unanimously admitted by all, and independent proofs 
were furnished by, amongBt others, M. Belaunay and Prof. Oayley. For the 
bst fifteen years, therefore, it has been generally admitted hy astronomers 
that ProC. Adams had conclusively established the correctness of his views. 
It is true that the researches of Prof. Hansen seemed to show that the ob- 
eonations indicated an actual acceleration of over I2"'2, but it was known 
that the whole of this acceleration did not necessarily proceed from the dimi~ 
nution in the eccentricity of the Earth's orbit. 

Although Sir George Airy made no reference to Prof, Adams in his 
paper, it was obvious that the paper cculd only be regarded as a direct at- 
tack on Prof. Adams' views; for if Sir Gteorge Airy was correct, then Prof. 
Adams was as certainly wrong. Naturally, therefore, the publication of Sir 
Geor^ Airy's paper was waited for with impatience by astronomers, who 
■were curious to see the grounds on which Sir George Airy had been led to 
impugn the correctness of the unanimous opinion of ail the greatest authori- 
ties on the lunar theory. The paper was published in the beginning of May, 
>nd must have been read with aatonishmeut by astronomers. The im- 
portanee of this question is far too great to permit of any doubt being allowed 
lo remain as to the trutli, so that, although Sir George Airy disclnimed any 
*igh to raise a controversy on the matter, it was absolutely tndispensabte 
■hat the real truth should be at onee made known. Everyone looked, there- 
ore, to Prof. Adams for a reply. This IVif, Adama lost no time in sending 
1 to the Koyal Astronomical Society, where it was read at the Maymeeting 
Adpublished in the middle of June. In this reply. Prof. Adams points out 
hat Sir George Airy lias misunderstood the nature of the results which he 
lad arrived at in his invesl%atiun i and that, instead of the value deduced by 
Hr Gfeorge Airy heing the oomplefa value of the secular acceleration a« 
le supposed, it was only a portion of the whole. Prof. Adams further 
howed that Sir George Airy had neglected aa insensible, or ehs omitted as 
lumportant, all the very quantities which had been shown by Dclaunay, 
'ayley, and himself to have so important an influence on the value of the 
^cubr acceleration; and that, in tact, Sir George Airy had, without aus- 
>aeting it, practically arrived in a roundabout manner at the same approii- 
■Wereauh aswos obtained by Laplace nearly a century ea,Tli«>i, — ^'c«s>\!d.\(ia% 



860 POPULAR SCIENCE KEVITW. 

known to be quite imperfect At the June meeting of the Royal Astronomial 
Society, Vrot. Adams communicated a further paper containing a proof in 
an elementtry form of the accuracy of his own value, impugned as inoonect 
by Sir Cleorge Airy. This paper was pubUshed in the middle of Angost 
Although some rejoinder may be looked for from Sir George Airy, there can 
be no doubt, after Prof. Adams' conclusive reply, that the AstroDonoer 
Royal has been led into error by the form he has given to his in- 
vestigations. 

A singular point in this controversy may be mentioned. There \m 
alwavs been a desire to reconcile the observed value of the acceleTsdcn in 
the motion of the Moon with that arising from the diminution in the 
eccentricity of the Earth ; but whereas the former seemed to amomit to 
over 12"'2, the latter was only 6"*2. It was this discrepancy which probally 
led Sir George Airy to take up the subject. But quite lately the resesrcheB . 
of Prof. Newcomb have clearly shown that this value of 12"'2 is a great 
deal too large, and arises from an error in Hansen's Tables of the motion of 
the Moon. Correcting this error. Prof. Newcomb is able to show that the 
secular acceleration is probably less than 8"'d. It has been shown, subse- 
quently, by Mr. Neison, that if one of the most discordant of the ancient 
eclipses be omitted, all the rest are in harmony with the value of the secular 
acceleration of 7"'2, and are more in harmony with the value 6"*2 than with 
any value greater than 8"*0. It b not at all improbable, therefore, that 
before long further improvements in the lunar theory will reconcile the 
observations with Prof. Adams value of the secular acceleration, and that 
Sir Genrpre Airys value, instead of reconciling theory and observation, as he 
euppost'd, would have thrown them into intolerable discord. 

Record of the Progress of Astronomy during the year 1879. — Under this 
title tliore has been compiled bv Mr. J. L. E. Dreyer, M.A., of the Observa- 
tory of Trinity College, Dublin, a very useful account of the principal 
astronomical events of the past year, and it has been published as a memoir 
"by tht» lloyal Dublin Society in their Scientific Proceedings j and reprinted 
therefrom in an octavo pamphlet of some fifty pages. Mr. Dreyer prefaces 
his summary as follows : — * In the following pages I shall endeavour to 
sketch the principal astronomical events of the past year, giving short 
accounts of the more important or interesting investigations which have 
been published during this period. For the year 1878, such an account was 
WTitten by Prof. E. S. Holden, of the United States Naval Observatory, 
for the Annual Record of Science and Industry ; and as I have learned from 
him that this publication has been discontinued, I have thought it might be 
of some use, both to professional astronomers and to amateurs, if a con- 
tinuation of his record was kept up, giving summaries of the work done Id 
the various branches of Astronomy, merely intended to draw attention to 
what has been done in them. It had at first been my intention to add to 
this review a bibliographical list of books and memoirs in Astronomy pub- 
lished during 1879, but for various reasons I have left it out. It might be 
better to let such a list embrace a longer lapse of time than one year ; and, 
besides, the Bibliographie Genirale, the publication of which has recently 
been announced from the Brussels Observatory, is to include the year 1330. 
The present record does not 8im,\\ietfei<3t^,^\.«xx^ ^^-ossJ^'s^Rswiaa^but only*^ 
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ving a bnef account of a Dumber of memoire and papers which have 
jpeared to me to possesa more than a paasing intereat.' Mr. Dreyer's sum- 
Jliy Trill certoinlj be found of great uae to all aatronomeTS ; and it is to be 
luted that in the interest of Astronomy its compiler ■will see his way to 
mdering it an anmiol publication. There are few things which a acienti& 
las requires more than a compact record of the principal work achieved 
wring the year — a record giving not only a general idea of the contents 
t a paper or a memoir — the mere title la of far less value — but the publica- 
ion wherein it appeared. Mr. Dreyer dividea his record into the following 
erventeen heads: — 1. Spherical Aatronomy; 2. Theury of Instrumenta ; 3. 
JeleatiBl Mechanics; 4. The Sun; 5, The Moon; 6. The Intra-mercurial 
i'lanet Question; 7. Planeta and Satellites; 8. Comets; 9. Meteors and 
l&teorites; 10. Fiied Stars; II. Annual Parallax: 12. Double Stars; 
.8. Nebulie and Clusters ; 14. Photometry ; 15. History of Astronomy, 
^hliography; 16. Observatories; 17. Miscellaneous Notes. 

Figure iif Mara. — During the last opposition of Mars in November 
L87D, Piofesaor 0. A. Touag made a numerous series of measures of tiie 
liiineter of the planet with a parallel wire micrometer, on the 9^-inch Alvan- 
Clark Equatorial of the Princutjjwn Collie Observatory. From a careful 
StcueaioD of these observations, Prof. Young deduces the fallowing value for 
tlie apparent equatorial and polar diameter of the planet on November 12, 
IfiTO:— 



Equatorial diameter of Mars 
Polar diameter of Mara 
Mean diameter of Miira 



= 90'034 ± 0-034 
= 20-.5o2 ± 0-043 
= 30-593 ± 0-035 



These measures, being made with a parallel- wire micrometer, must be affected 
\j the constant error due to irradiation at the edge of the planet, the 
iiiidiation being principally due to the spurious disc into which every 
pniiit of light is converted by the telescope. Prof. Young points out 
iliai if we adopt as the true value of the diameter o£ the planet 
Murt at the distance unity from the Earth, the value 9"'3fi2 deduced 
by ilartwig from all the measures prior to 1879, the real value of the 
diameter of Mars on November 12, 1«79, must have been 19"-128. The 
difference l*46fi, between this and the value found by Prof. Young, which 
"SB 20"-fi03, is regarded by him as being due to irradiBtion. This is larger 
iaa that due mei-ely to the spurious telescopic diffraction disc, which would 
inount to about l"-0. Prof. Young points out that the value found by Him 
ortlie mean diameter of Mart, when reduced to distance unity, is 10"06d. 

Prof. Young then utilizes these measures to determine tlie %ure of tlie 
'lanet. The difference between the apparent polar and equatorial diameter 
a 0"-0818, which would correspond to a compresrion or ellipticity of 1^234. 
But ne Prof. Young points out, at the time of measurement the pole of Mart 
A-as not really on tie periphery of the planet, but was 14°-5 from it, so that 
Ihfi apparent polar diameter was greater tian the real polar diameter. 
Allowing for this, Prof. Young deduces 1 -^ 219 as the actual polar compres- 
*ton af the planet Mars. As Prof. Young points out, this Is in close accord 
Kith tiie value 1 -r 226 deducod bj Prof. J. C. Adams for the ^oUr com- 



362 



POPULAR 8CIEKCB REVIEW. 



preanon of Man on the aasunptioii tliat the internal constitation of the 
planet follows the same law as that of the Earth. 

On the Brightnem and Dimmmom €f the SaieOitsi to the Pkmds.- 
For some time Profeesor Edward G. Pickering, of the Harvard Gollegt) 
Dhservatotyi has heen engaged in a series of important photometric mves- 
tigations ; and in Part 2 of Vol. XI. of the AnnaU </ the Harvard CoBef/e 
Obeertoatory, he has puhlished the results of the ohservation of the hrightnen 
and fdie of the satellites of the planets. 

Man. — ^The inner satellite of Man, Fhoboi, is fully OS magmtode 
hrighter than the outer satellite Deimoi, and Deimo8 is in turn 14*5 magm- 
tudes fainter than the brightness of the central portion of the disc of Man, 
DeimM seems to he Tariable in hrightnessi being fully 0*6 mtgnitude 
brighter when on the following side of the planet, than when on Ik 
preceding side. AsRuming that the satellites reflected as much of the 
incident light as Man itself, Prof. Rckeiing deduces 6 and 7 miles as 
the diameter of Deimoi and Phobos, or less than 0"'05 for their maximum 
apparent diameter. According to Prof. Pickering, a certain amonnt of 
light is not prejudicial to the visibility of these faint objects. 

Jtt/iiifer.— Observations were made of the brightness of the satellites, by 

comparing them with the planet itself, and from the amount of light they 

reflected, their apparent sixe was calculated on the hypothesis that they 

reflected the same proportion of the incident lig^t as the planet The 

results were — 

L SuteDite. H. SatelUta. IIL Satellite. lY. SateDiie. 

Photometric diameter 0*873 
Measured diameter . 1*081 
Albedo . . . 0-662 

Or, in other words, the satellites of Jupiter reflected only two-thirds, fou> 
fifths, four-ninths, and one quarter of the same proportion of incident light as 
the planet itself reflects, while this is known to be only six-tenths of the total 
light falling on the surface. These results are in complete accord with the 
known phenomena presented by the satellites. 

Saturn. — Observations were made of all the satellites of Satunif with 
results as follows, namely, that the comparative dimensions of the different 
satellites were, as given below, on the assumption that all reflected the same 
proportion of the incident light; 



0*818 


0*036 


0^15 


0*910 


1*637 


1-282 


0*809 


0*456 


0-230 



Mimas 

Enceladus 

Tethys 

Dione 

Khea 

Titan 

Hyperion 

Japetus 



292 miles. 
370 
670 
642 
745 
1406 
193 
486 



If, therefore, Titan be taken as usually shining like an 8 J magnitude star, 
the brightness of the different satellites may be approximately considered to 
be — 
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le part of i1 



Tethya 10'5 „ „ 11* „ 

Diona 10-8 „ „ 12 „ 

Kbea 0-0 „ „ 10* „ 

Titao 8-5 „ „ 

Hyperion i;iO „ „ 17 

JapetuB ID'S „ „ 12 „ 

JapetM is, however, very variable in brightness, being a1 
Mt more than three timea aa bright as at another part. Prof. Kckering 
inta out that if this variatiou in brightness is due to the unequal bright- 
4S of the two bemiaphereg of the aatellite, the satellite must always turn 
; aame face to the planet exactly as in the case of our Moon, Mimai 
i Enceladut look fainter than they really are, owing to their piosimity to 
i planet. 
Uranut. — The comparatice diameters of the two brighter satellites are — 
Titania . . . 5S6 miles. 
Oberon . , . 644 „ 
The two minor satellites were too faint tor measurement. 
Neptune. — The comparative diameter of the satellite of Neptune is — 

SatelEte . , , 2260 miles. 
It is thus one of the largest of the secondary members of our solar 

The suspected Ultra-Neptunian Planet. — -No results have been made 
iHvm with respect to the djataut planet believed by Prof. George Forbes 

be at present dose to the atar /J VirgitOM. It is probable, therefore, that 
I attempt has been made to search for this very problematical planet. It 
ill be remembered that Prof, Forbes founded hia belief in its eiiistence on 
study of the orbits of the different comets of long period, and that he 
signed a distance from the Sun of over 100 times that of the Earth, and a 
liod of over 1000 yeara. Prof. Forbes also pointed out, that in 1857 this 
pposed planet would be in the position of the star No. 894 in the Green- 
ich First Seven- Year Catalogue, a star which was only seen in the year 
■57, and on no subsequent occaMon. We now learn that this star, No. 894, 
»a a tenth-magnitude star, observed by mistake for one of the minor 
meta, and that it still rem^na in its place. The hypothesis of Prof, 
fbea that this might be his planet therefore falla to the ground. Aa 
'ore pointed out, if Prof, Forbes'a planet really eiiated, it would probably 

so faint (like a fourteenth-magnitude star), and would move so slowly 
It it could not be detected without enormous labour with an exceeding 
Werful telescope. 

JFaye'i Cotnet. — This comet waa detected by Mr. A. A. Common with the 
■inch reflector of the Ealing Observatory, on the night of August 2nd, 
■y near to the position assigned to it in Dr. Aiel Miiller's Ephemeria. The 
Qet was very small and faint, so that, although it does not pasa its perihe- 
a passage until January 22nd, 1881, it is probable that it will not be seen 
th any except the few very powerful instruments which are now in 
lateocB, 
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Discovery of Two New Planetary NdnUa, — In a oommunication to 
Nature (August 6th, 1880), Prof. Edward C. Pickering, of the Harvard 
College Observatory, announces the discovery of two very small planetary 
nebulae. The one discovered on July 13th, is in RA. 18*» 26™-2, andDecL 
- 'Ji')'* I'Y ; and the second, discovered on July 14th, is in RA. 18*^ 4'»'3, and 
Decl. - 28** 12^. Both are very minute, and can only b6 distinguished from 
stars of about the tenth magnitude by their spectra. Prof. Pickering points 
out that aU attempts which have hitherto been made to determine the 
parallax of a planetary nebula have been foiled by the uncertainty in dete> 
mining the exact centre of these bodies, or by the haziness of their borders, 
but the minuteness of the disc presented by the two newly observed nebula 
would permit of their places being determined with the same accuracy as a 
star. 



J: 



BOTANY. 

Classification of Cryptogamia. — At the recent meeting of the British As* 
sociation, Mr. A. W. Bennett laid before the Biological Section a propose^ 
modified classification of theCryptogamia. He remarked that in Sadis' most 
recent classification, the Thallophyta (including the Characese) are divided 
into four classes, namely, Protophyta, ZygosporesB, OosporesB, and Carpo* 
sporese. In his proposed classification, Mr. Bennett removes the Characese 
altogether from the Thallophytes as a distinct group. The Thallophyta sx^ 
then divided into three primary classes, namely, Protophyta, Fungi, and Algse- 
The Protophyta are divisible into two sub-classes, Protomycetes and ProtO' 
phycecB ; the former including only a single order, the Schizomycetes ; the 
latter consisting of the ProtococcacesB (including Palmellaceae and ScJ" 
tonemeae), Nostocaceae, Oscillatorieae and Rivularieae. The Myxomycetes 
are treated as a supplement to the Protophyta. 

The Fungi include three sub-classes : the Zygomycetes composed of the 
Mucorini alone ; the OomyceteSj containing the Peronosporese and Sapro- 
legniese ; and the CarpmnyceteSf comprising Uredineae, Ustilaginese, Basidio- 
mycetea, and Ascomycetes, the Lichens being included in the last as a sub- 
order. 

The Algae also form three sub-classes corresponding with those of the 
Fungi, namely, the ZygophycecBj including the orders Pandorineae, Hydro- 
dictyeae, Confervaceae, Ulotrichaceae, Ulvaceae, Botrydieae, and Conjugatae 
(under the last of which we have the Desmids, Diatoms, Zygnemacese, and 
Mesocarpeae) ; the Of/phycece, comprising Volvocineae, Siphoneae, Sphaero- 
phyceae, (Edogoniaceae, Fucaceae, and Phceosporeae ; and the Carppphyce(B, 
including only the Coleochaeteae and Florideae. 

The Characeae, as already stated, are regarded as forming a distinct 
primary group. The Muscineae are retained in the same sense as by Sachs. 
In the case of the Vascular Cryptogamia, Mr. Bennett proposes to adopt the 
primary distinction into Isosporia and Heterosporia as most in accordance 
with probable genetic affinities. The former include the Filices, Lycopodi- 
aceae and Equisetaceae ; the latter the Khizocarpeae and Selaginellace®-" 
Naturej ^th Septeivher, 
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CHEMISTBY. ^^f 

Rrmatian of Osone during tAe Smporation of different Liquids. — When ] 
: is desirable to show a number of persona that ozone is formed during the 
Faporation of a liq^uid, Bottger {Patyt. Notiiblatt, xixv. t)5) recommends 

:tting faJi OD a piece of paper wliicli has been uniformly saturated with a ^^J 

ilulion of starch and iodide of cadmium some drops of alcohol or ether, and ^^^H 

le igniting of such solution. The paper in consequence of the ozone which ^^^| 

i fmmed hy the evaporation acquiiea a dark blue colour. ^^^^| 

Compound of Pho^koric Hydride and Chhrie Hydride. — This compound ^^^ 
I eaeily prepared accordiot,'' to Lemoine {Bull. Soa. Chim. Farie, xxxiii. 194), 
y placing the two gases in a U'ttibe, one end of which is closed, under a 

ressure of two atmospheres, produced by a column of mercury iu an open || 

ilie and exposing the apparatus to the cold of liquid sulphurous acid, the ^^^| 

'sporation of which is increased by a strong current of air, ^^^^| 

Silver Trioxide. — By the electrolyns of silver nitrate a curious body is ^^^| 

OTued, first described by Kitter in 1804, and later by Grothus, which was ^^^| 

'St regarded as alver dioxide, but has since been ehown to contain nitric acid. ^^^H 

irthelot has since examined it ( Compt. Sendai, 1 380, ic. 653). He employed ^^H 

mattery of four Bunsen elements during twenty-four hours, and obtained a ^^^| 

iinrae of the body. Washed and dried it presented the appearance of ^^^H 
ck, short, flattened needles with metallic lustre, which soon fall to pieces 
i lose their lustre. It developes oiygen rapidly at 100°. Analysis gave 

formula 4 AgO„ NO^ Aj, HO (old formula'!). The longer it lies the ^^ 

tier rises the percentage of silver, and the compo^tion approaches the ^^^| 

Oiula NOgAg + 4 AgU. ^H 

^Salireton. — Experiments have been made by P. Oiacosa (Juum. prakt. ^^^M 

^m. 1880, xxi. 231), to prepare glycorides synthetically, and led him to ^^* 
Lt saligeuin and mannite to 100°. In this way he obtained a new pro- 
fit of condensation of sahgenin Cu 11^ O,, which he has termed salireton. 
e same body is formed when glycerin or metbjlal is taken in place of 

Lsnite : and its formation is thus explained : ^^H 

2 Cj H, 0^ - Hj - II = C,j Hij O,. ^1 

le cmioua phenomenon that during the formation of this body, not only ^^^| 

Iter but hydrogen oIbo should be extruded, led the author to think that ^^^| 

rhaps, in the first instance, a molecule of saligenin might be oxidized to ^^H 

licylaldehyde, which then first combined with a second molecule of saligenin ^^^| 

salireton, water being extruded, as shown below : ^^^| 

C, Hj O3 + C, H, 0, = G„ Hi3 0, + H3 0. ^H 

[though when saligenin was heated with glycerin the odour of salicyl- ^^^| 

lehyde could not be recognized, the author heated equivalent quantities of ^^H 

licylaldehyde and saligenin, just like the saligenin and glycerin, in closed ^^H 

bes in boiling water. After many hours' heating, the contenta of the tubes ^^^| 

iie treated with water and distilled ; with the steam almost the whole of ^^H 

e salicylaldehyde passed over ; the resinous residue remaining in the retort ^^^| 

ia boiled with a little water and filtered. From this filtrate the salireton ^^H 

parates ; this is lecry&tallized, and when pm'e melts at l^l'-u. The yield ^^^^ 
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of mKreton was far lees than when saligenin is heated with glycerin or 
methylal. In any case the saUcylaldehyde, like the gijcerin, plays the 
part only of a liquid of suspension. The salireton melts at 121'''5, gives oS 
gas at 140* as well as the odour of salicylaldehyde, while a Hack reeinoiiB 
nwidue remains. An examination of this residue showed it not impoedlilfi 
that this contained saliretin C, H, O (P). For the formation of the latter 
hitdj the fuUowing reaction may perhaps take place : 

^u H„ O, - Cy H, O, = Cy H. O 

Salireton. Salicylaldehyde. Saliretin. 



RecognitiGn of Mercury, — Jiiptner employs the iodide Hg I,, which, as is 
well known, is dimorphous, occurring in yellow rhombic crystals as well as 
scarlet square octohedra (Oest, Zeitung, 1880, xxviii. 92). The latter modifi- 
cation, in which mercury is obtained in the wet way, as well as by touching 
the yellow body produced by sublimation, possesses the property of appearing 
quite white in the light of the sodium flame. The author studied the ap- 
pearance of various colours under such conditions, and examined a series of 
yellow, red, green, and blue colours by the light of sodium and lithium, and 
fouiKi that none of them were affected in the same manner as by mercury bin- 
iodide. It forms a means by which mercury can be recognized with certainty. 

Production of Alcohol hy an Electric Current, — Berthelot's experiment 
was recenUy conducted in the following manner : A battery of eight Bunsen 
elements was connected with an oscillating comnmutator, so that from twelve 
to fifteen currents were sent in alternate directions per second, which were con- 
ducted to two electrodes of spongy platinum. The platinum cylinder was placed 
in acidulated water, and the contact-action so arranged that neither oxygen nor 
hydrogen were given off, but the decomposed water regenerated as rapidly as it 
had been split up. When all had thus been arranged, the two electrodes of the 
apparatus were immersed in a watery solution of glucose. In this way alcohol 
was obtained, although it is true in but small quantity. It is hoped, however, 
by modifying the apparatus that the process may be improved and even made 
of technical importance. — {Chem. Central Blatt., 1880, 288.) 

Remarkable Behaviour of Tin Chloride and Potassium CKLorate, — According 
to Bottger {Polytechn, Notizblatt, xxxv. 96), when two parts by weight of tin 
chloride and one of potassium chlorate are rubbed together (they must previ- 
ously have been rubbed fine in a porcelain mortar) the mass becomes strongly 
heated in a few seconds ; chlorous acid and a large quantity of vapour of 
water are given off. The residue is a yellowish-white mass which dissolves 
in boiling water, and, on cooling, gives splendid brilliant mica-like crystals of 
potassium perchlorate, the supernatant opalescent, milk-like liquid containing 
the oxychloride in solution. 

The Tannic Acid of Oak Bark, — C. Etti prepared the acid from the pro- 
duct of extracting oak-bark with alcohol by digesting it with acetic ether, 
in which it is soluble. He obtained a reddish-white amorphous powder, the 
analysis of which led to the formula C^ Hjg O9 as that of the body. From 
it, by heating it to 140°, or by boiling its aqueous solution with dilute acids, 
three anhydrides were obtained. The first anhydride is C34 H30 Ojy, the 
second is C^H^s^iQt and the third anhydride C34H28O15: the first is iden- 
tical with the natural phlobaphen of oak-bark, the third with Oser's'oak- 



r 



SCIENTIFIC SUMMARY. 367 

.' From the tamic add, hy heating it Acith acids in dosed tubee, only 
lie acid as well as ' onk-rod ' were obtained. If this operation be perf or 
ill hydrogen ciiloride, the development of a gas, which bums with a green 
De (methyl chloride), is obserred. The dry distillation of tannic add 
Ided a small amount of brenicatechin and a mixture of oily products, i 
ioh, very probably, the presence of dimethylbrenzcatechin was remarked, 
len fused with potaaaiuin hydrate there are formed, as Grabowski has 
wn, protooatechic acid, brenzcatechin, and phlorogiucin. Digested with 
ilaion, or boiled with dilute acid, it yields no eugar-like bodies, 
"ever, be regarded as glycoside^a eondusion which will already have been 
ved at, from the numbers indicating an anhydride. ( TPien Anz. 1880, 61.) 
The Patsioifif of Iron. — If a bright piece of iron be dipped into u 

of 42° B, a brisk effervescence of gas takes place ; this soon suddenly 
>s, and the metal appears bright and lustrous, and remains bo. This oi 

when mora dilute acid is used, down to 3.5° B. With the latter, also, 
livity sets in after a certain time, but it does not last, and after a c 
3 the action begins again at a point of the surface, to suddenly stop again 
I on. If an iron rod be partly dipped into strong acid between 43° and 

B, and then it be brought, with very great care, into more dilute add, the 
ady moistened part first, and then the upper part of the rod is slowly 
■oduced, no action takes place at first ; after some time some bubbles are 
1 to form on the metnl, which soon suddenly cease to be developed, the 

becomes passive, and has become so because the rod had been dipped 
tly into strong acid. This condition has, however, no great stability; a 
ht shaking is suiRdent to bring about a change. The degree of pas- 
ty produced in this manner ia variable, and, in fact, is the smaller, the 
■0 dilate the second acid, the rougher the surface of the metal, and the 
iter the diameter of the rod. As soon as the metal is brought into a 
lentrat^id acid chemical action takes place. The bubbles of gas generated 
She action are at first readily dislodged from the metal and are taken np 
the surrounding liquid. This solubility, however, is limited, and the 
bles of gas remain adhering by capillary attraction to the metal, forming 
rotecting coat, which, however, can be dislodged by shaking. If the 
., however, is less concentrated — say 36° B. — the phenomenon 
-,, because the coating is dissolved after some time, and a new i 
1 be formed. In the experiments with the partly immersed i 
on of the adhering film of gas is propagated by the slow ii 

iron slowly upwards, and exercises an attraction on the newly-formed 
bles, whereby the coating is continued from one part to another. In 
sc to determine the influence of the dilution of the acid on the duration of 

pasMvity, the author, L. Varenne {Cnmpt. Renditt, 1S80, xc. 908), made 
amens of iron passive, and introduced them into acids of different degrees 
t^ntion, as beluw : — 

In an add of 34° B, the passivity of iron ceased after 11 days. 
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Wlien the experiments were conducted m vacuo the same rule 
good, the paasivity ceasing a little earlier. 



GEOLOGY. 

Fossil Vertebrates from the Eocene of Champagne. — Dr. Victor Lemoine 
has devotfid much attention to the remains of vertehrate animals found in the 
£ocene deposits of the neighbourhood of Kheims, from which he states he has 
obtained indications of over a hundred new species. Of these about forty 
are Mammalia, representing the Carnivorous, Insectivorous, Kodent, and 
Pachydermatous types. Of Birds, he has five species, some of them large, and 
presenting certain characters which approximate them to Reptiles; whilst, on 
the other hand, certain of the Eeptilian bones present more or less ayian 
characters. The Fishes, also, are said to offer a remarkable approach to the 
Reptiles. In the case of the Mammalia, he remarks that their predominant 
peculiarity is that they present mixed types, and the complexity of this 
mixture is greater in proportion to the antiquity of the animal. His Cami- 
vora are complex types, having resemblances with Pachyderms, Lemurians, 
and Marsupials. The dentition in Arctocyon, of which Dr. Lemoine has two 
new species, presents a sort of combination of that of the UrsidsB and that of 
the Porcidae, especially Entelodon ; whilst the form of the cranium, the in- 
clination of the angle of the lower jaw and the perforation of the humerus 
seem to be Marsupial characters, and the caudal vertebrae are somewhat 
analogous to those of the Lemurs. In the strictly carnivorous group, M. 
Lemoine places a new genus, Hycenodictis ; whilst a Proviverra represents the 
less cai'uassial Canidae and Viverridae. Some small mammals, apparently 
organized for climbing, may have resembled the lemurs of Madagascar, 
as would appear from the dentition of some of them, which, however, 
is varied so that while certain species appear to have been insectivorous, 
others were probably f rugivorous, and others again fitted for a mixed diet. 
Of these forms, which he is inclined to class under Cope's term, Mesodontes, 
Dr. Lemoine notices numerous species, which he refers to the genera FrotO' 
adapiSf Lem., Plesiadapis, Gerv., and Miacis, Diacodon, and Opisthotomus o' 
Cope. A single molar is said to resemble tRe same tooth in Phenacodit^i 
Cope. If these determinations be confirmed, they will indicate an interesting 
analogy between the Eocene faunas of France and New Mexico, and a siiui^^^ 
analogy in the floras has already been noticed by Saporta. 

Two other forms appear to belong to the American group of the Taen^^ 
dontes, and present resemblances to the Mesodontes just mentioned, and- *^ 
existing Rodents and Edentates. Similar analogies seem to prevail in '^^ 
types M. Lemoine regards as representing the Pachyderms. The even-t^^ 
Pachyderms are represented by two species of IXchobune, and others, forrc^*-^ 
a new genus, Lophiodocharus. The Perissodactyla are more numerous, ^^ 
include species of Hyracotherium, Lophiodorij and Coryphodorij with o^^' 
forms which present very singular and varied resemblances. A mola^ 
Halitherium was also obtained from the Cahaire grassier of Rheims. 

The remains of BixAa a\V ini^GaXft ^«i\isiv^^<^, ost G^aAlatorial iotr^^ 
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tenff them b anew Bpedes otOaetnnai {O. Edicardaii), Among Eeptilee, 
Aiwtter and marsh tortoises abound, iKbnging to the genera Emyt, 
rmatemyt, and Piatemyt, the last now confined to the Southern hemi- 
re. Several species of Trionyx occur, and also a new type of Tor- 
e, resembling Triimyx in the granular state of ita carapace, and 
Emydes in the marginal plates, and the structure of the plastron. Both 
I Crocodiles and Albgators have left their remnine in these deposits, and 
e of them appear to have been of lar)^ size. Among the Crocodiles one 
na t« approach the Gavial in the structure of the lower jaw; whilst 
:lier presents analogies with certain Secondary Crocodiles in its dental 
otuie. Of the Laeertilian forms eome have concavo-convei vertebra ; 
1st others, with the vertehrffi biconcave, or flat on both surfaces, would 
J to belong to the Gechotidfe, a group now including only the Geckos, but 
e largely represented in Secondary formations. A new genus Simitdo- 
■VI, seema to present a combiuation of Lacertian and Crocodilian cba- 
er,and was probably aquatic in its habits, Kemains of snakes indicate 
I those animals may have attained a length of ten or twelve feet. The 
rachia are represented by the genus Sv/o, The remains of Teleoatian, 
loid, and Cbondropterygian fishes have been detected. Among the 
Lfnds the author mentions PkyUodus, L^idotteai, and Amia: and of the 
ilaginouB fish he cites Chimieras, Sharks, and Kays. Remains of Mol- 
«, fragments of Insects, Entomostraca, and Foraminifera, together with 
ly traces of plants, alflo occur in the Lower Eocene of the neighbourhood 
theims. — {Cim>pteliendusdeFAi»oc.Fran<;., 1879, p. 585.) 
Srituh Fuiail Cephalopoda.— We understand that the Rev. J. F. Rkke, 
,S., aa^ted by grants from the Government Research Fund administered 
iie Council of the Royal Society, has now brought the first stage of his 
atigations upon the British Fossil Cephalo|joda to a close. He has com- 
ed his work upon the Silurian forms, which he proposes shortly to 
liah, preflsing to his descriptions of the genera and species a general in- 
n the anatomy of the group, the structure and modification of 

lells, &c. The number of Silurian species recognizad by him is nearly 
I hundred. Tlie work will form a volume of about four hundred ■lU) 

, Ulustrated with tbirty-two plates. It will be published by sub- 

h Mnmmalia.'—At the close of his description of some very in- 

g Jurasuc Mammahan remans from the Rocky MoimtBinB(.<4niwi«in 

i, September 1880), Prof. Marsh adds the following general remarks, 

1 may be taken into consideration ^de by side with the facts detailed 

^. Lemoine's account of the Mammalia of the Lower Eocene of 



' representing upwards of sixty distinct individuals, has 
Inced the writer that they cannot be satisfactorily placed in any of the 
at orders. This appears to be equally true of the European forms which 
mter has had the op]iortunity of examining. With a few possible 
H, the Mesoiioic Mammals best preserved are manifestly low gene- 
d forms, without any distinctive MaiBupUl c1:LB.ta;c\ei%. llicA, «. %^ (A 
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them show features that point more directly to Inaectivores, aiid present en- 
dencce, hased on spedmens alone, would transfer them to the latter gioop, 
if they are to he retained in any modem order. Thisi howeTer, has not yet 
heen systematically attempted, and the known facts are against it 

* In view of this uncertainty, it seems more in accordance with the praent 
state of science to recognise the importance of the generalized chsracten d 
these early Mammals, as at least of ordinal value, rather than attempt to 
measure them hy specialized features of modem types, with which tbeyhife 
little real affinity. With the exception of a very few aherrant forau, the 
known Mesozoic Hammals may he placed in a single order, which may 
appropriately he named JPatUotheria, Some of the more important chsracten 
of this group would he as follows : — 

(1) Cerehral hemispheres smootii. 

(2) Teeth exceeding, or equalling, the normal numher, 44. 
(8) Premolars and molars imperfectly differentiated. 

(4) Canine teeth with hifid or grooved fangs. 
(6) Rami of lower jaw unankylosed at symphysis. 

(6) Mylohyoid groove distinct on inside of lower jaw. 

(7) Angle of lower jaw without distinct inflection. 

(8) Condyle of lower jaw near or helow horizon of teeth. 

(9) Condyle vertical or round, not transverse. 

' The generalized numbers of this order were doubtless the forms from 
which the modem specialized Insectivores and Marsupials, at least, weie 
derived. 

* Another order of Mesozoic Manmials is evidently represented by Ba9^' 
auiax, the allied genus Ctenacodon* and possibly one or two other genera. 
These are all highly specialized aberrant forms, which apparently have left 
no descendants. This order, which may be termed AJhtheria, can be distin- 
guished from the previous group by the following characters : — 

(1) Teeth much below the normal number. 

(2) Canine teeth wanting. 

(8) Premolar and molar teeth specialized. 

(4) Angle of lower jaw distinctly inflected. 

(5) Mylohyoid groove wanting. 

' These characters alone do not indeed separate the Plagiaulacidse fro"^ 
some of the Marsupials, and future discoveries may prove them to belong wi 
that group, where they would then represent a well-marked sub-order.' 
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Cri/8talHzed Banburite. — In the American Journal of Science for August, 
1880, there is a paper by Professors Brush and Dana on the occurrence of 
this mineral at Russell, St. Lawrence County, New York. They received 
a number of specimens from a mineral collector in Northern New Yorlf, a^^ 
amongst them were some prismatic white weathered crjrstals, which bore 

* A fine jaw oi wloicYi \a ^%\xtedL>yj '^xoi.'^'KtfiJa. vo. this ^aper. 
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■se. An examination with the blow-pipe eliowed it to be an 
j^US boro-Mlicate, corresponding in phyaical characters with the r 
^eB danburite. Further specimens were obtained in the spring of the 
lent year, and these were found on further exflmination to establish 
ond all question the identity of thin mineral with danbuiite. It occurs 
b crystallized and massive imbedded in a granitic rock ; the points at 
iCh it is found extend along the brow of a hill for a conuderable dis- 
he, say halt a mile. The crystals line caritieg or seama, sometimes of 
y considerable size, in the masaivs mineral or the enclosing rock. The 
jdated minenUa are a pale-green pyroxene, a dark-brown ti 
K mica, quartz and pyrites. The <j»nbnrite often encloses the orystalH 
lyroiene and tourmaline, and is itaelf imbedded in the quarts, which is 
Dt of interest in conneetion with its time of formation. These caviti 
!e, doubtless, all filled originally with calcite, as the facts observed co 
aively prove. A few perfectly fresh specimens were found with the 
etala, imbedded in pink calcite. The perfectly pure, clear, and transparent 
stals found in the calcite are of rare beauty. Most of the specimena ai 
f nearly, or quite, free from calcite, that mineral having evidently been 
loved by slow sohition. The crystals are thus left in their oripnal 
ition, projecting into the cavities. This natural removal of the calcite is 
lame aspects of the case an advantage, and in others quite the reverse. 
Ho other way could the crystals have been freed from the calcite so 
'ectly and with so httle injury to themselves; for mechanical removal 
>ut of the question, owing to the brittleness of the mineral ; and the 
oval by chemical means in the laboratory would not leave the crystals 
early in their original condition. The danburite, as has been stated, ii 
>art crystallised, in part massive. The crystals vary from those which 
very minute to others which are of considerable aze. The largest 
Lted crystals have a length of four, and a width of two and a half 
.es; some of the groups are really grand in theb proportions. The 
sive imneral can be obtained in large blocks ; it shows brilliant lustre, is 
« unaltered, and almost free from admixed species. The most striking 
it in regard to the crystals is their similarity to crystals of topaz ; so 
8 is this resemblance that the apeeimens, if not exaroined too critically, 
ht be handled many times without a suspidon that they did not belong to 
t species, There is, in fact, a true homoamorphic relation between the 
I species. The cleavage is basal, aa in topaz, but not very distinct. The 
Jness is 7 to 7'25, and the specific gravity 2-986 to 3-021. The lustra of 
pohshed crystalline surface is very brilliant ; on the fracture and in tlie 
'Sire mineral it is vitreous to greasy : in this form it has much the aspect of 
mon varieties of quartz. The colour in the freshest crystals imbedded 
alcite is pale wine-yellow, in others pure yeUowish-white to honey- 
5w, dark wine yellow and yellowish brown. The crystals belong to the 
orhombic system ; they are uniformly prismatic in habit, and it is not 
iinorphic. The axial ratios are found to be, for — 
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The above yalaes show that the two species are closely homoemoiplious. 
The mean index of refraction (fi) for danburite is found to be — 

p - 1-634. Bed (Li) 

- 1-637. Yellow (Na) 

- 1-646. Blae(CuSOJ 

In the case of the two minerals the mean indices of refraction aie not far 
apart ; thus for the D line in the spectrum we have — 

p Danburite - 1-637 
Topaz » 1-6138 

The means of several analyses showed the mineral to have the compodtion 

given below :- 

Silicic add . . . 48-23 



Boracic acid 
Lime 

Alumina . 
Lost by ignition 



26-93 

23-24 

0-47 

0-63 



99-50 
These numbers agree closely with those found by Smith and Brush 
examining the Danbury mineral, and indicate the formula Ca, Si O4 + B^ 
Sij Oj2 as that of the mineral. There does not appear to be any immediate 
relation between danburite and topaz in chemical composition, which, con- 
sidering the similarity in crystalline form, is rather remarkable. The 
mineral is slightly acted upon by hydrochloric acid, sufficiently to give the 
reaction of boracic acid with turmeric paper. When previoutdy ignited to 
the point of fusion the mineral gelatinizes with acid. The crystallographic 
results obtained in the case of the Russell specimens do not accord vith 
those found with the specimens from Banbury, Conn. ; and this is accounted 
for by the crystalline specimens in the latter locality being imbedded in 
felspar, ' where apparent planes, at best of a problematical nature, certainly 
did not represent the crystalline form of the species.' 

The Copper present in Coed. — An examination by Stolba of specimens of 
coal chiefly from Bohemia shows the invariable presence of a small quantity 
of copper. {Sitzber. hohm. GeseUschaft der Wiss., April, 1880.) The ashes of 
the coals, carefully prepared, always showed a strong copper reaction ; the 
pure coal itself contained a trace only of copper ; the pyrites accompanyiiig 
it gave a strong reaction. In fact the strength of the reaction appears to go 
hand in hand with the amount of pyrites present in the coal. The neve^ 
failing copper of the coal determines the amount of copper present in iron 
prepared with such coal or coke. The copper present in the coal ^^ith 
which wo heat our ovens can be shown by the following simple method. 
When the coal is burnt and ceases to give a flame, and only the so-called 
glow is to be observed, a spoonful of pure salt is to be thrown upon it, and 
stirred about with a tongs or stick of wood. Inunediately the azure-blue flames 
of carbonic oxide containing copper chloride are produced, and the appear* 
auce lasts some time. Coal which contains much pyrites exhibits the colour 
with great intensity and in great beauty. This, doubtless, is the cause of the 
colour w*hich is so familiar to most English people, and for which many 
explanations have been ipio^oae^. 



Eirm 



SCIENTIFIC SUMMARY. 



PHYSICS. 



1 Vacuum T^be •'/ varieAle Eemtamct was exhibited before the Phjaical 
lodety by Dr. Stone, at the last meeting- for the season, on June 26th. 
t conaiated of a barometer tube 33 inches long, terminftting above in a 
lort vacuum chamber arranged tracsveruely, and closed at either end 
f adjustibla india-rubber atoppers, through which platinum terniinala 
lased. Above thia the vertical tube coBtioues to a glass stopcock, by means 

■which small quantities of air can be introduced. The foot of the tube is 
tached to a flesible india-rubber pipe, with a (astern similar to that of 
ranlland's gas apparatus. The cistern full of mercury is counterbalanced, 
id can be raised or lowered through the whole 33 inches. A Torri- 
llian vacuum can thus be made in the upper chambi^r, or one of leas 
>rfectnesa. OU passing the induction spark between the terminals in the 
rmer case, aU the discharge is carried off, none appearing at the dis- 
laiger. By gradiwlly raising and lowering the cistern, after admitting 

little air by the stopcock, the resistance of the partial vacuum can be 
tered within wide limits. A point can be found where the spark of 
reaking contact is aliuntcd through the vacuum tube, while the weaker 
iechaige of making contact ia stopped. The induction-current is thus 
stained in a single direction, a niatter of some importance in physiological 
tperiments. 

I^aeamatic Clochi hftve been successfully established in Paris, both for 
ubhc and priviite purposea. The suhacribers are supplied with dia's on 
ais flystem for the sum of a halfpenny per day. Air is compressed to five 
ttnospheres in a reservoir at the central staiian. A distributing-clock 
laces thia in communication with distributiiig-pipes for twenty seconds 
Tery minute, the used air being again employed to wind automatically the 
riginal train. The distributing-tubea are of iron, 27 millim. in bore, 
arried underground. These, by leaden or indiarubber connesiona, com- 
lunicate with the af!iliat«d dials. The dial has a small caoutchouc bellows, 
iinilar to that of the pneumatic telegraph, acting on a lever, which takes, 
y means of a ratchet, into a wheel of 00 teeth, carrying the minute-hand, 
"he hour-hand is moved by the usual motion-work. Striking-olocks are 
Isa fitted up on the »ime system for the small increase in piice of a single 
BDtiine, namely, six instead of five per diem. It appears that the whole 
Xpeoae is from fifteen ahlllinj^ to a pound per annum. 

The Magneto-Optic prupert.iea of Gases are being investigated hy M. 
leari Becquercl. Ho has recently examined oxygen, hydrogen 
ionic dioxyde, nitrous oxyde, and defiant gas. Except in 
'Sygen, the magnetic rotation of the plane of polarization duo to a field 
f given intensity varies inversely as the square of the wave-length of the 
sy, as is the case in solids and liquids. This implies that violet rays are 
note rotated than red, or that there is a positive dispersion. In the ci 
'ijgen, it is found that the red rays are rotated more than the green. This 
* the more remarkable, aa oxygen gives a positive rotation as 
'iwnagnetic body. He remarks that oxygen behaves as if it i 
"uture of a magnetic and a diamagnelic b idy, the magnetic having small 
^tive rotation and a great negative dispersion, the diamagnetic having 
*Wt rotation and small positive dispersion, 
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A New form of Electro Magnet was exhibited to the Physical Society 
by Dr. Stone. It was wound with best charcoal annealed iron ^iie of 
5 miUim. section, in four parallel circuits. Each pole was cast after 
winding into a solid block of paraffin, and turned in a lathe. It was 
expected that the latter device would increase the inductive effect of the 
spirals, and it appeared that the lifting power was somewhat augmentei 
The cores had originally been wound with large copper^wire, of the same 
weight, in three parallel circuits. The lifting power for moderate batteries, 
of from five to six Bunsen*s cells, had been increased fourfold by tlie sub- 
stitution of the iron. The object was to produce a large diffused magnetic 
field for the purpose of physiological experiments on anaesthesia and otber 
nervous diseases, in which there seemed to be ground for the belief that the 
effects of magnetism were far from inappreciable. 

The Resolving Power of Telescopes, in its experimental point of view, is 
examined by Lord Rayleigh. He states that the only work on the subject 
he is acquainted with is that of Foucault, who examined the resolving 
power of a telescope of 10 centim. aperture on a distant scale lighted by 
direct sunshine. 

The object viewed in these experiments was a grating of fine wires formed 
by screwing the ends of a stout brass wire, bending it into a horse-shoe, and 
winding wire of half the pitch diameter into the grooves of the screw. The 
whole is fixed with solder, and the wires on one side are cut away. For 
rough purposes, common wire gauze of 30 to 40 meshes per inch answers. 
The grating was backed by a soda flame, though a common paraffin lamp 
may be substituted. 

The telescope was provided with a cap to which various diaphragms can 
be fitted over the object-glass. These may be circular or rectangular, 
the latter being placed with its long axis parallel to the wires of the 
grating. 

The observation consisted in finding the greatest distance at which the 
wires can be seen apart. This proved to be more definite than might have 
been expected, not differing more than 2 or 3 per cent for various observers. 
Two slits, half an inch long, and of '107 and '196 inch wide, were used. 
The width was taken by a wedge and measured by callipers. The distances 
were 91*5 and 168*5 inches. These corresponded to angular intervals be- 
tween consecutive lines of ^^Vr and -rhT- According to theory, the mini- 
mum angle is about that subtended by the wave-length of light, X, at a 
distance equal to the width of the slit a. In this case \ = 5'89 x 10'* 

centim. and a = 07 x 2*54 or 196 x 2*54 centim. Thus : - * 

a 

tbV? or Thrst agreeing closely with the observations. Circular apertures 
were also used with less satisfactory results. To have equal resolving 
power, the circular aperture must be about a tenth part wider than the 
slit. 

To show the dependence of resolving power on aperture, it is suffident to 
look at wire-gauze backed by the sky or by a flame, through a piece of card- 
board pierced by a needle and held close to the eye. By varying the distance 
a point is easily found at which resolution ceases ; but the telescope allo^ 
the use of a wider, and t^iexeioTe txiot^ easiV^ Tafc^^xxxviXJifc ^^Tture, 
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A new iTisttmment for the Detection and Measurement of an Inflam- 
tble Gas in Mines was brought before the Physical Society by Mr. E. H. 
veing. He noticed that instruments abeady existing for this object were 
her physical or chemical. Of the former category were Ansell's and 
>rbes- 8 : one depending on diffusion ; the other on sound-velocity. Of the 
tter were the flame-test, CoquiUion's instrument, and the one now first 
scribed. 

The principle is as follows : — A mixture of marsh-gas and air, in which 
e former forms less than 5 per cent, is not explosive or capable of continuing 
I own combustion at ordinary temperatures and pressures, because the 
ating value of the marsh-gas is insufficient to raise the large excess of 
mospheric air to the necessary ignition-temperature. If, however, such 
mixture is exposed to some sufficiently heated object, especially platinum, 
will burn in its immediate contact and neighbourhood, and, in so doing. 
Id materially to the temperature of the object ; the more so the larger the 
ircentage of gas present. 

Two small similar spirals of fine plattinum-wire are placed in the same 
fcuit from a small magneto-electric machine. One is enclosed in a tube con- 
ining air, the other is a cylinder of wire-gauze ; both furnished with glass 
ids, the latter exposed to the gas to be examined. If the air contain above 
(F of marsh-gas, the spiral exposed to it increases in brilliancy, and can be 
ade to determine the percentage of gas present. This is accomplished by 
acing a wedge-shaped screen between the two spirals and viewing it 
rough a side-tube. The screen can be moved towards either end till equal 
umination is obtained, and an empirical scale can then be read off, giving 
e percentage of gas. 

Certain Effects of Stress on Soft Iron Wires have been studied by Mr. J . 
Jnng, at Tokio, Japan. The wire was Japanese, and annealed. It was 
ing vertically from a strong frame, and a tank holding 100 kilos, of water 
is attached to its lower end. The weight of the tank was balanced. It 
is circular, and of uniform diameter, the stress thus being proportionate to 
e height of water, as recorded horizontally on a sheet of paper dravm along 
■ a float. A pencil traversed the paper at right angles through distances 
oportional to the wire's elongation. A continuous diagram was thus drawn 
tomatically from zero to breaking point. 

When a constant stress was maintained for a considerable time (45J 
urs), the effect was remarkable. The wire, instead of continuing to 
igthen at once when the flow of water was resumed, refused to stretch 
rther until the stress rose to 40 from 35 Mlos. There was in fact a new 
mit of elasticity ' at this point. It broke with 41 kilos. This ' hardening 
ect' depended on the length of time during which the trial is interrupted, 
areasing more rapidly at first than after. If the load were entirely re- 
)ved, no considerable lengthening took place till a far higher stress than 
fore was reached. Thus an interval of no stress had a hardening effect, 
e one of constant stress. A stress, therefore, produces two effects, (1), a 
idual viscous elongation, at first rapid, afterwards slow ; (2), a hardening 
ect, also greatest at first. The effects are also perceptible in copper and 
^, but much less than in soft iron. 
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« 

Selenium and the Photophone fonns the subject of a recent cominmdc&- 
tioDy from Mr. Graham Bell and Mr. Sumner Tainter, to the American 
Asaociation. If the facta therein recorded bear the test of further examina- 
tion, a very important and startling addition has been made to our know- 
ledge of the possible relations between sound and light. The discoyery is 
best given in the ailthor^s own words, as reported by our weekly contem- 
porar}*, Engineering, 

* The final result of our researches/ say the authors, ' has evidenced tke 
cla."^ of substances sensitive to light vibrations, until we can propound the 
fact of f^uch sen^jitiveness being a general property of all matter. We have 
found this property in gold, silver, platinum, iron, steel, brass, copper, zinc, 
lead, antimony, German silver, Jenkin's metal, Babbitt^s metal, ivory, cellu- 
loid, ^'utta-perclia, hard rubber, soft vulcanized rubber, paper, parchment, 
wor)d, mica, and silvered glass; and the only substances from which we 
have not obtained results are carbon and thin microscopic glass. "We 
find that when a vibratory beam of light falls upon these substances they 
emit 8ounds — the pitch of which depends upon the frequency of the 
vibratory change in the light. We find further that, when we con- 
trol the form or character of the light-vibration on selenium, and 
probably on the other substances, we control the quality of the sound 
and o))tain all varieties of articulate speech. We can thus, without a 
conducting wire, as in electric telephony, speak from station to station, 
wherever we can project a beam of light. We have not had opportumty 
of testing the limit to which this photophonic infiuence can be extended, 
but we have spoken to and from points 213 metres apart; and there 
stH'His no reason to doubt that the results will be obtained at whatever dis- 
tance a beam of light can be flashed from one observatory to another. The 
necessary privacy of our experiments hitherto has alone prevented any 
attempts at determining the extreme distance at which this new method of 
vocal communication will be available.' 

They then proce»'d to describe the pecuUar properties of selenium under 
the influence of light, remarking that * all observations by previous authors 
had been made by means of galvanometers ; but it occurred to us that the 
telephone, from its extreme sensitiveness to electrical influences, might be 
substituted with advantage. Upon consideration of the subject, however, 
we saw that the experiments could not be conducted in the ordinary way for 
the following reason : The law of audibility of the telephone is precisely 
analogous to the law of electric induction. No effect is produced during 
the passage of a continuous and steady current. It is only at the mo- 
ment of change from a stronger to a weaker state, or vice versa, that any 
audible effect is proposed, and the amount of effect is exactly proportional 
to the amount of variation in the current. It was, therefore, evident that 
the telephone could only respond to the effect produced in selenium at the 
moment of change from light to darkness, or vice versa, and that it would be 
advisable to intermit the light with great rapidity, so as to produce a succes- 
sion of changes in the conductivity of the selenium, corresponding in fre- 
quency to musical vibrations within the limits of the sense of hearing. For 
we had often noticed tViat cuxxeiiXA ol ^\ftctxve\tY, so feeble as to produce 
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Bleely any audible effectfl from a telephone when the circuit was aimply 
ened at closed, caused very perceptible musical sounds when the circuit 
a rapidly intemiptod, and that the higher the pitch of sound the more 
clible was the effect. We were much struck by the idea of producing 
i by the action of light in this ■way. Upon further conwderation it 
neared that all the audible effects ohtained from variationB of electricity 
Hid also he produced by variations of light acting upon selenium. We saw 
»t the effect could be produced at the extreme distance at which selenium 
"Id respond to the action of a luminous body, but that this distance could 
indefinitely increased by the use of a parallel beam of light, so that we 
ltd telephone from one place to another without the necesaty of a con^ 
g wire between the transmitter and receiver. It was evidently necea- 
n order to reduce this idea to practice, to devise an apparatus to be 
crated by the voice of a fpeaker, by which variations could be produced in 
saraHel beam of light, corresponding to the variations in the air produced 
the -voice. 

' We proposed to pass light through a small number of small oriBcee, 
hich might be of any convenient shape, but were preferable in the form 
Two similarly perforated plates were to be employed. One was to 
I fixed and the other attached tj] the centre of a diaphragm actuated by the 
lo that the vibration of the diaphragm would cause the movable plate 
flUde to and fro over the surface of the Hied plate, thus altematfly 
g and contracting the free orifices for the passage of light. In this 
y the voice of a speaker could control the amount of light passed through 
) perforated plates without completely obstructing its passage. This 
paratua was ta bo placed in the path of a parallel beam of light, and the 
idulatory beam emei^ng from the apparatus could be received at some 
stant place upon a lens, or other apparatus, by means of which it could be 
9naed upon a sen^tive piece of selenium placed in a local circuit with a 
iepbone and galvanic battery. The variations in the light produced by the 
" » of the speaker should cause corresponding variations in the electrical 
itance of the selenium employed : and the telephone in circuit with it 
hould reproduce audibly the tones and articulations of the speaker's voice, 
obtained some selenium for the purpose of producing 1 he apparatus shown ; 
jut found that its resistance was almost infinitely greater than that of any 
l^ephone that had been constructed, and we were unable to obtain any 
►ndibleeftectsby the action of light. We believe, however, that the obstacle 
»uld be overcome by devising mechanical arrangements for reducing the 
Instance of the selenium, and by constructing special telephones for the 
pose. We felt so much confidence in this that, in a lecture delivered 
ore the Boyal Institute of Gnat Britain, upon the 17th of May, 1878, 
) announced the possibility of hearing a shadow by interrupting the 

n of light upon selenium. 
' The first point to which we devoted our attention was tlie reduction of 
be resistance of crystalline selenium within manageable limits. The 
BBStance of selenium cells employed by former experimentors waa measured 
millions of ohms, and we do not know of any record of a selenium cell 
■ Jneasuring less than 250,000 ohms in the dark. We have succeeded in pro- 
ducing sensitive selenium cella measuring only 300 ohms in the dark, and 165 
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ohms in the light. All former experimenters seemed to have used platinim 
for the conducting part of their selenium cells, excepting Werner Siemens, 
who found that iron and copper might be employed. We have also dis- 
covered that brass, although chemically acted upon by selenium, forms ao 
excellent and convenient material ; indeed we are inclined to believe that the 
chemical action between the brass and selenium has contributed to the low 
resistance of our cells by forming an intimate bond of union between the 
selenium and the brass. We have observed that melted selenium behaves to the 
other substances as water to a greasy surface, and we are inclined to thinkthat 
when seleuium is used in connexion with metals not chemically acted upon 
by it, the points of contact between selenium and the metal offer a coIlside^ 
able amount of resistance to the passage of a galvanic current. By using 
brass we have been enabled to construct a large number of selenium cells of 
different forms. The mode of applj-ing the selenium is as follows : The cell 
b heated, and, when hot enough, a stick of selenium is rubbed over the 
surface. In order to acquire conductivity and sensitiveness, the selenium 
must next undergo a process of annealing. 

* We simply heat the selenium over a gas stove and observe its appearance. 
When the selenium attains a certain temperature, the beautiful reflecting 
surface becomes dimmed. A cloudiness gradually extends over it, somewhat 
like the film of moisture produced by breathing upon a mirror. This ap- 
pearance gradually increases, and the whole surface is soon seen to be in the 
metallic, granular, or cr^-stalline condition. The cell may then be taken ofl 
the stove, and cooled in any suitable way. 

' We have devised about fifty forms of apparatus for varying a beam of 
li«2:ht in the manner required, but only a few typical varieties need be shown. 
The source of light may be controlled, or a steady beam may be modified at 
any point in its path. The beam may be controlled in many ways. The 
best and simplest form of apparatus for producing the effect consists of a 
plane mirror of flexible material — such as silvered mica or microscope glass. 
Ag"ainst the back of this mirror the speaker's voice is directed. The light 
reflected from this mirror ia thus thrown into vibrations corresponding to 
those of the diaphragm itself. 

* In arranging the apparatus for the purpose of reproducing sound at a 
distance, any powerful source of light may be used, but we have experi- 
mented chiefly with sunlight. For this purpose a large beam is con- 
centrated by means of a lens upon the diaphragm mirror, and, after reflection, 
is again rendered parallel by means of another lens. The beam is received 
at a distant station upon a parabolic reflector, in the focus of which is placed 
a sensitive selenium cell, connected in a local circuit with a battery and tele- 
phone. A large number of trials of this apparatus have been made with the 
transmitting and receiving instruments so far apart that sounds could not be 
heard directly through the air. In illustration, I shall describe one of the 
most recent of these experiments. Mr. Tainter operated the transmitting 
instrument, which was placed on the top of the Franklin schoolhouse in 
Washington, and the sensitive receiver was arranged in one of the windows 
of my laboratory, 1325 L Street, at a distance of 213 metres. Upon placing 
the telephone to my ear I heard distinctly from the illuminated receiver the 
words : " Mr. Bell, if youliieax ^\i«A.\^^^, ^cycoa \.Qk llv^ -window and wave 
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mr hat." We haTe found that articulatB speech can he reproduced by the 
^^hydrogen light, and even by the ligbt of a kerosene lamp, The Joudest 
Eecta obtained from light are produced by rapidly interrupting the beam by 
e perforated disc. The great advantage of this form of appuratua for 
perimental work is the noiseiesaness of iU rotation, admitting the close 
Iproaeh of the receiver without interfering with the audibility of the effect 
Itrd from the latter; for it will be understood that musical tones are 
iBtted from the receiver when no sound is made at the transmitter. A 
lent motion thus produces a sound. In this way musical tones have been 
■rd even from the light of a caudle. When distant effects are sought, 
lother apparatus is used. By placing an opaque screen near the rotating 
K the beam can bo entirely cut ofE by a slight motion of the hand, and 
niical signals, like the dote and dashes of the Morse telegraph code, can 
at be produced at the distant receiving station.' 

The Action of I£i)llow, ag cojnpared with Solid, Sted Magnets, ia considered 
r Herr Holt* in Wiedemann's Awudai. He had already come to the con- 
istin that solid bars do not form good permanent magnets, because the 
re, or central part, absorbs much of the magnetizing force, and because it is 
HiTftlent to an armature joining the two poles. Tubes cau be foiled out of 
Bet steel, and need not be welded at the junction, A rod and such a tube, 
Ijl centims. long and 13 millims. in diameter, were compared, the thickness of 
e tube-wall being 1| millims. They were magnetissed to sataration, and 
B mngnetism of the rod was found to bear the ratio to that of the tube of 
1'6. When the rod and tube were 32 centims. in length and 3^ mUlimii. in 
uueter, the difference was as 1 : 1-5. When ihe tube was filled with a core of 
Ft iron, it hardly retained enough nu^etism Ui obey the directive action of 
B Earth. After six months of reat, the same magnets were again com- 
ved, with the result that in the larger pmr the sohd magnet retained 1, 
a hollow 2-6. In the smaller pair, the rod held 1, the tube :J*0. He pro- 
ises to make further observations on the subject. 

An Eleclro-di/nainicid paradox is described by M. Gerard-Lescuyer in the 
'om^es EeTtdus of July. If a current produced by a dynamo-electrical be 
at into a magneto -electrical machine, the latter begins to move, but after a 
ne it suddenly slackens, stops, and starts in the oppoate direction. This 
siprocating motion lasts as long as the producing current. The motive 
Ment must evidently change in direction, — a fact proved by introducing a 
Jvanometer into the circuit. This occurs even without change in velocity 
the generating machine. If it be supposed that the receiving machine 
amves a periodical increase of velocity, it would, by virtue of this, give rise 
R current of its own, which would traverse the motor instnitnent in an 
posite direction to that emanating from it, and reverse the polarity of the 
This is shown to be the case by applying a broke to the receiver 
Edent to prevent its increase of velocity ; the phenomenon does not then 
ce place. With inductors of cast iron, as in the Gramme machine, the ex- 
oment is less certain, owing, as he thinks, to the reudual magnutiam of 
I caat-iron, which offers resistance to the reversal of current. Soft iron 
[notors, on the other hand, permit the oction at the first attempt. 

The Earth's Rolation was demonstrated by means of the peudulum by 
on Foucault in February 18ol. He was permitted to hang a bob of 28 
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A Synthetic Starfish, — In the Popular Science Review for April (p. 192), 
we called attention to an interesting form of starfisli, apparently bridging 
over the gap between the Stellerida and the Ophiurida, which had l)een 
described by Mr. W. Percy Sladen. M. E. Perrier has lately described a 
still more remarkable type obtained during the dredging operations of 
Mr. Alexander Agassiz, in the deeper parts of the Gulf of Mexico. This 
starfish is very delicate in its structure ; it has a rounded disc distinctly 
separated from the arms, as in the Ophiurida, and the arms are elongated, 
flexible, and furnished with lateral rows of spines, thus increasing the 
general resemblance to the Brittle Stars. But there are twelve arms, whilst 
no known ophiurid has more than seven. The description of the disc w 
very curious, and nothing like it is known elsewhere among starfishes. 1* 
is flattened, very thin and quite destitute of any regular skeleton, the dorsal 
membrane being in fact literally a circular membrane stretched upon the 
ring formed by the basal ossicles of the arms ; it is membranous and tranS" 
parent, and so close to the buccal membrane that the stomach has only a 
fijpace about equal to the ^iackneaa ol «i ^"^eX. q1 ^-^^ m which to lodge* 



380 POPULAR SCIENCB BXYIEW. 

Idlos. f Tom a wire 07 metres long, beneath the dome of the Pantheon, in |i 
Parii. A poethamone note in explanation of the observalion is paUuihedin 
the recently collected works of the great physicist. He folly appredated 
from the first that the rapidity of the deviation is equal to the Eurth'i 
reli^city multiplied into the ane of the latitude of the place of oliBervstio!:; 
corresponding simply with sidereal time at the Pole, and being infinite at lae 
Equator. The peiidulum had a period of eight seconds for each vibratiin. 
It continued in motion with a ringle impulse for six hours, making a con- 
plete rotation in thirty-one hours, and adeyiation of 1' 33" in each cedUatsuL 
])y this noble experiment he substantiated an important physical hxXjTosakii 
the fixedness of the plane of oscillation, as a consequence of vis xnertiA in 
matter generally. This he afterwards demonstrated still more ingenioitily 
by means of a delicately-suspended gyroscope. Another less known fom of 
the experiment is also recorded in his works. A thin, long, elastic roi of 
steel is fixed to the mandril of an ordinary lathe, being free at the farther 
end. If this be pulled at the free end out of its position of rest, it vibntes 
in a series of lines, circles, and ellipses, following each other in regular succes- 
sion. The same phenomenon is seen in Wheatstone's kaleidophone. 'Wheiij 
however, a steady oscillation has been obtained, it is not interfered wilh in 
direction by causing the mandril and the attached rod to rotate rapidly about 
their axis ; the plane of oscillation continuing stable though the mass d the 
vibrating body Lb in motion. Even beyond this, the rotation protects the 
oscillatory plane against deformations due to unsynmietry of the roc, and 
renders it more stable than in a state of rest. Indeed, whatever form the 
vibratory curve may have taken up, whether linear, circular, or elliTtical, 
this is preserved unchanged as long as the axial rotation is kept at a certain 
speed. 
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M. Ferrier verj juatlj aaks whnt can be the umml food of an animftl with' 
such a digestive cavitj. The dorsul Bkeleton is, however, represented by 
scattered perforated calcareous plates, each hearinif a BmaU spine. Through 
the momhriae the circular canal Burrounding' the mouth, and the ambuldCMl 
vessels starting from it, may he recognized, but no caeol prolongations of the 
stomach into the arms were to he detected. The arms pofsess a double 
row of ambiUacral tubes, but no genital glands could he discerned 
The skeleton of the arms consists of four rows of pieces, two of which form 
a dorsal ridge, and partially cover the others, which are placed on each 
side, and each of which bears a median spine enclosed in a soft aheath, 
cliLTate, and bearing at the apex a tuft of pedicellariffi, the latter bein^ of 
the kind denominated ' pediceliairea ciois^s' byM. Perrier, and peculiarly 
eharacferistie of tlie Asteiiadfe, the most typical p'oup of the true Stai^ 
fishes. The lateral plates form the borders of the ambulaeral groove, in 
■which the ambulaeral vessel rests exactly as in the Comatufa, there being 
no ambulaeral piatea, such as occur in all known Stellerida. M. Perrier 
reraarks, that the contrast between the arms and the disc, the probable 
ab^nce of genital glands from the arms, and the absence of stomachal 
ccectt, would seem to approximate thii form to the Ophiurida, just as the 
structure of the arms would ally it to the Comatulie; but although in 
the abnormal characters above cited, and especially the want of ambula^Mal 
and buccal plates, it differs from all known Stellerida, the evidence of the 
pcdicellarias leads him to class it in that group, as forming an aberrant 
family of the Asteriadx, in the neighbourhood of the genera Labidiaaler, 
Pedicellaiter, and Brisinga, which also possesses only two rows of ambulaeral 
tnbes. M. Perrier names this singtdar Starfish Hymenodiseua Agasmdi. It 
was obtained within ^ght of the island of Dominica, from depths of 321 
and 4o0 fathoms.— CiWJpiM Bendas, 30th August, 1880. 

R^troductiun of Aphides, — M, Jules Lichtenatein has summed up the 
results of his observations upon the reproduction of the Aphides in a papei 
communicated to the French Association for the Advancement of Science. 
Starting' from the principle that the biological cycle of an insect, com- 
(nencing from the epg laid by a fertilized female, is not complete until we 
arrive at the same form of female fitted for fertilization, M. lichtensteia 
regards all the different stages which succeed one another between these two 
axtremes only as intermediate larval forma. 

His first experiments were made on the phylloxera of the oak (P. yueriTM), 
The egg attached to the bark of QuercM cocci/era gives origin at the end of. 
Aprd to an apterous form, which he names the Fuander. It moults foiii!^ 
times, and then produces egif-like bodies, which it sticks to the petiole and ■ 
lower surface of the leaves. These bodies are not true eggs, and their pro- 
ducer is called not a female, but a Fievdogyne, by M. Lichtenst^in. From the ' 
■pseudovum proceeds the first larval form (the Feeudogyne fondatnci), 1 
-which is apterous and lat^r than any of the succeeding forma, From 'itA\ 
gemmationa issues the second lorv^ form, which, after four moults,.' 
iicquirea wings, but is still only a paeudogyne. It quits the Qaercaa.' 
coccifera about May 20, and settles under the leaves of Quercus pubescent.. 
This ia M. Lichtenstein's Pseudugyne hnigrante. 

In its new abode this second form acts like the first, depositing ovifonaj 
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gemmations, which soon give biith to the third larval form, the ' Budding 
l^udog^ne* {Pteud, bourgeannante). This is apterous, and, except in size, 
resembles the first larval form. This third form has the power of repro- 
ducing its like several times ; that is to say, there may be several generations 
of the third form, but always by gemmation. It was upon this form that 
the experiments of Bonnet, Kyber, and other old observers were made. 

Towards the autumn a fourth larval form appears, and this developed 
wings. This returns to the Quercus cocci/era, which is the winter habitation 
of the species. M. Lichtenstein names it the 'Pupiferous Pseudogyne' 
{Pteud, pupifhrt), on account of the nature of its products of genmiation. 
The progeny of all the preceding stages was agamic; that of this fourth 
form consists of forms which develope into sexually perfect insects. They 
are of two different sizes, and the insects proceeding from them are also very 
different. All are apterous and quite mouthless. The smaller ones are 
males, the larger females, within which may be seen a large egg, filling the 
whole body of the insect. This is the only true female in the whole series; 
and after fertilization she deposits the true egg, which in the foQowizig 
spring wUl give birth to the ' founder ' (Jondateur), which formed oui 
starting-point. 
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